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FOREWORD

This report describes work performed under Contracts AF 33(616)-
7757 and AF 33(657)-7617, "A Research Program for Understanding
the Mechanisms of Flame Inhibition," and AF ý3(616)-7458, "Fire-
Resistant High Temperature Hydraulic Fluids.' The former contract
was initiated under Project No. 6075, "Flight Vehicle Hazard
Protection," Task No. 607505, "A Research Program for Understanding
the Mechanisms of Flame Inhibition." The latter was initiated
under Project No. 7340, "Non-Metallic and Composite Materials,"
Task No. 734008, "Power Transmission, Heat Transfer Fluids, and
Other Forms of Energy Transfer Fluids."

The contracts were performed at the Dayton Laboratory of Monsanto
Research Corporation. The first two contracts were sponsored by
the Flight Accessories Laboratory, Aeronautical Systems Division,
Wright-Patterson Air Force Base, Ohio with Mr. Benito P. Botteri
serving as project engineer. The third contract was sponsored by
the Directorate of Materials Processes, Aeronautical Systems
Division, Wright-Patterson Air Force Base, Ohio with Mr. Harold
Adams as project engineer.

For Monsanto, the computer program was written by Dr. G. H. Ringrose
of Monsanto Research Corporation and Dr. D. R. Miller and
Dr. A. C. Pauls of Monsanto Chemical Company. Dr. G. B. Skinner
served as project leader.

The authors are indebted to Dr. W. C. Hammann of Monsanto Chemical
Company for the hand calculations that led to the adoption of the
general mathematical approach. This contribution and the many
helpful suggestions made by numerous people are acknowledged with
gratitude. Particular assistance was given by Mr. D. J. Kaufman,
also of Monsanto Chemical Company, who was instrumental in trouble
shooting and expediting the machine solutions.

The routines were originally programmed and run on the IBM 704
computer in the Research and Engineering Division of Monsanto
Chemical Company, St. Louis. Later the programs were adapted for
solution by an IBM 7090, at the Aeronautical Systems Division,
Wright-Patterson AFB, Ohio.



ABSTRACT

Two digital computer routines were developed to process flame
speed data resulting from the burning of compounds in air and
oxygen, and to correlate particular structural configuration
with flame speed.

In both routirLes a high degree of flexibility has been in-
corporated to assure efficient utilization under several
forseeable circumstances.

The first routine, FSC, processes the raw experimental data
to obtain flame speeds, equivalence ratios, and the equivalence
ratio at the maximum flame speed. This information is stored
on a master magnetic tape for subsequent calculations.

The second routine, FSR, permits selection of specific data
groups from the master tape for analysis. A linear model
was chosen for the correlation.

This technical documentary report has been reviewed and is
approved.

Chief, Environmental Branch
Flight Accessories Laboratory
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FLAME SPEED DATA REDUCTION AND CORRELATION USING A DIGITAL COMPUTER

I. INTRODUCTION

Two Air Force-supported programs at this laboratory concern the
relative rates of combustion of a number of chemical compounds.
One program /•F 33(616)-745g_ deals with the synthesis of
potential high temperature hydraulic fluids and the other
ZTF 33(616)-76157 with increasing our understanding of the
mechanisms of flame inhibition, the ultimate objective being
the development of agents for extinguishing propellant fires.

Searches for effective fire-resistant fluids or propellant fire
extinguishants would be systematized and expedited if a general
method for characterizing, measuring, and predicting combusti-
bility were at hand. Unfortunately, most flammability tests
and specifications in use are so application-oriented or other-
wise restricted as to be of only limited value for general use.
A measure of the intrinsic ability of a material to support or
inhibit combustion, as free as possible from influences peculiar
to the testing procedure, is the first requisite. Given such
a measure, there is then the possibility of relating combusti-
bility to the molecular structures of materials tested and of
predicting therefrom the combustibility of untested candidates.

This report describes computation routines designed to support
the above approach. Flame speed - a state property of a
combustible gas mixture - is the intrinsic measure of com-
bustibility selected for use in characterization, correlation,
and prediction. Earlier work, although limited to pure hydro-
carbons burned in air, tends to confirm the approach adopted
here.

The routines are programmed in the FORTRAN II language for
IBM 7090 solution.

Manuscript released by authors February 1963 for publication as

an ASD Technical Documentary Report.
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II. THEORETICAL ASPECTS

Theoretical flame speed is commonly defined as the subsonic
rate of perpendicular. propagation of an infinite plane flame
front through the quiescent combustible gas. External forces
(for example, gravitational or magnetic fields) are presumed
absent or insignificant, and the flame-induced flow is assumed
to be laminar and one-dimensional.

When defined in this idealized manner, flame speed is a function
only of the initial temperature, pressure, and composition of
the combustible gas. It is thus an intensive state property
of the gas, just as are density, enthalpy, viscosity, refractive
index, and the like. Moreover, flame speed is a transport
property dependent upon the rates of energy, momentum, mass,
and chemical exchange accompanying combustion.

Prediction of flame speed from gas temperature, pressure, and
composition is a long-standing goal of combustion research.
A reasonably general and accurate method would be extremely
useful in solving a range of practical and theoretical problems.
Combustor and propulsion system design may be cited, in addi-
tion to the materials search problems underwriting the work of
this report.

In principle, flame speeds can be predicted theoretically.
Simultaneous solution of the differential equations of
change is possible when all important physical-chemical
properties (e.g., heats of reaction, reaction rate constants,
density, diffusivities, emissivity, etc.) are known. Un-
fortunately, many of these properties are not yet known.
Ccmbustion reaction mechanisms are normally quite complex and
are consequently poorly understood. Much remains to be done,
even in the identification of intermediate chemical species.

While theory is of little practical utility, empirical cor-
relations offer considerable promise. Hibbard and Pinkel
(Ref. 1) achieved a good correlation of maximum flame speed
of 37 hydrocarbons (mixed with air) versus the concentrations
of the various C-H bond types present. The relation used was
of the form

umax = :jbj(cj)max (W)

The concentration (cJ)max of the j type bond is determined at
the fuel-to-oxidizer ratio which yields the maximum flame
velocity umax and the corresponding influence coefficient for
this bond is designated bj. The average per cent deviation
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between the measured and predicted maximum flame speeds was
about 2% for the 37 hydrocarbons correlated.

The approach of Hibbard and Pinkel was extended by Hammann
and Blake (Ref. 2) in calculation of flame speed coefficients
of the various bond types in fuels containing oxygen, nitrogen,
sulphur, boron, and silicon in addition to carbon and hydrogen.
Their correlations were based upon data obtained experimentally
by burning 142 model compounds and upon data reported by Gibbs
and Calcote (Ref. 3). Several modifications of the correlation
model, Equation 1, were tested and Equation 1A was found to
provide the most acceptable correlation.

"Umax - j b n (1A)

(cf7 max

The number of J-type contributors occurring in each molecule of
fuel is designated nj.

While the agreement between the predicted and measured flame
speeds was not as good as for hydrocarbons alone, the results
convincingly supported the general utility of the linear
correlation technique. The computer routines described in
this report were used by Hammann and Blake.

DEFINITIONS

The following terms are used frequently throughout the report:

Contributor A countable structural feature of a fuel
molecule (e.g., each hydrogen bonded to a primary carbon in

HH
ethane, HC-CH, could be classed as a contributor).

HH

Contributor number J An identifying code number which
is assigned to each defined contributor (e.$., the primary-H
contributor was assigned the code number 37).

Contributor count ni (or njgj The number of J-type
contributors contained in a mol cule of fuel (or in a molecule
of the ith fuel)(e.g., the contributor count of the contributor
primary-H in the fuel ethane would be 6).

Fuel A material that forms a combustible mixture when
mixed with an oxidant. Included are impurities, additives,
and all compounds not included in the gaseous oxidant. For
totalling the contributor count for mixed or composite fuels,
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it is assumed that the over-all fuel has additive properties of
the compounds present. For example, if zi is the mole fraction
of compound i in the fuel, and nij is the count for contributor
J, then

nj = zlnlj + z 2 n2 3 +

Oxidant The portion of the combustible mixture which
includes the oxygen and inert gases but excludes the fuel.

Equivalence Ratio The actual fuel-to-oxygen ratio
divided by the fuel-to-oxygen ratio stoichiometrically required
for complete combustion of the fuel oxidizer. This is a
measure of the richness or leanness of the flame.

Standard Error Synonymous with the statistical quantity
"standard deviation."

Data Group A unit of data pertaining to a single fuel-
oxidant combination burned at various equivalence ratios but
otherwise under identical conditions. The components of a
data group in the-order in which they are stored by the com-
puter on master tape 6 are:

(a) Serial Number Assigned sequentially by the computer
in order of tape location.

(b) Fuel Name Alphabetic and/or numeric representation
of the fuel, e.g., (n-Pentene-2). A maximum of 12
characters (including blanks) is permitted.

(c) Fuel Numbers Code numbers which are used to classify
the types of fuel.

(1) Fuel Class Number General fuel type (e.g.,
01-organic aliphatic; 02-Qrganic aromatic,
00-inorganic).

(2) Fuel Group Number Denotes subclassification
of fuel type (e.g., 06-saturated cyclic compound).

(3) Fuel Member Number An arbitrary code number,
used to indicate sequence of experimental analysis
of a particular group.

Thus for the fuel cyclopropane the fuel number is
010601.

(d) Data Source Number Designates the source of the
data (e.g., 01-literature-, 02-experimental).



We) Experimental Conditions Number A code to dis-
tinguish data taken under different experimental
conditions, such as temperature, pressure, per cent
oxygen in oxidant, etc.

(f) Flame speed at unity equivalence ratio, Ustoc

(cm/sec).

(g) Maximum flame speed, Umax (cm/sec).

(h) Fuel concentration at unity equivalence ratio,
(cf)stoc (molecules/cc).

Wi) Fuel concentration at the conditions of maximum flame
speed (of)max (molecules/cc).

(J) Equivalence ratio at the maximum flame speed, 0 max

(k) Number of different defined (i.e., coded) contributors
in the fuel molecule.

(1) List of the contributor code numbers with their
respective counts for the fuel considered.
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III. DESCRIPTIVE OUTLINE OF THE CALCULATIONS

An analysis of the computations required to reduce the experi-
mental data and perform the regression analyses led to the
separation of the problem into two sections. The first section
processes the raw experimental data and calculates the flame
speeds, concentrations, and equivalence ratios. These quanti-
ties are then stored on a master reel of magnetic tape. The
second section, namely, the flame speed regression section,
uses this reel of magnetic tape as its input data. From these
data, the regression coefficients of the flame speeds and other
dependent variables are determined.

Corresponding to each of these sections is a Fortran routine
that is described in detail in a later section. A general
discussion of these routines follows.

DATA REDUCTION (Routine FSC)

The data reduction routine calculates the flame speed and
related quantities from the raw data, tests these quantities
for inconsistencies, and prepares or corrects the master reel
of magnetic tape with acceptable data.

Flame Speed The calculations are based upon the conical
(Bunsen) burner method for flame speed determination. Measured
flows of the several components of the mixture are passed in
laminar flow through a burner tube at a controlled temperature
and pressure. A roughly conical flame front is stabilized at
the mouth of the tube.

The large density gradient in the gas stream at the flame
front permits the use of schlieren photographic techniques to
record the flame profile. It is assumed that the flame is
symmetrical about its vertical axis. Figure 1 is schlieren
photograph of a typical flame cone.

The flame speed is determined by dividing the total volumetric
gas flow rate by the area of the flame front. Since the flame
cone photographed is seldom a "right circular cone," its
surface area must be determined from measurements at several
intermediate points. To do so, the diameter is measured at
several heights of the cone as illustrated in Figure 2. The
surface area between any two of these diameter measurements
is assumed to be that of a frustrum of a right circular cone.
The sum of the surface areas of these frustra gives a fairly
accurate value of the true flame front area. Actually, the
local flame speed is slightly above thp average at the cone tip
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Fig. 1 Schlieren Photograph of a Flame Cone

Fig. 2 Diagram of Flame Cone Profile
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and slightly below the average at the base. Therefore, the
calculated flame speed must be considered an average value
only. Evidence has shown that there is a slight dependence
of' flame speed on the total volumetric flow rate of the gases,
the burner part geometry, and the burner part temperature.
Slight influences are also made by the method used to define
the cone area (i.e., schlieren shadow, or radiant photography).
However, by standardizing on one of the techniques, this
variable can be'eliminated.

Valid Data Tests Once a series of flame speeds has
been obtained, it is necessary to determine the conditions
for maximum flame speed (since the correlations proposed are
based on conditions at the maximum flame speed). This is
accomplished by fitting an empirical curve of flame speed vs.
equivalence ratio (u vs. 0) to the data and solving the equa-
tion for the maximum. The flame speed at stoichiometric
conditions (0 = 1) is also determined.

If a maximum flame speed lies within tne data range the data
are acceptable for further tests. If no maximum or a minimum
is found within the data range, the data are not acceptable.

Storage on Magnetic Tape Data groups termed accept-
able are stored on a master reel of magnetic tape for use by
the regression routine.

Options The computational routine contains several
options depending upon the form of the input data. These
options permit sections of the computational procedure to be
omitted. For example, a set of flame speed vs. equivalence
ratio data available from previous calculations could be
entered directly into the sequence, and the original raw data
calculations would be by-passed. These options are detailed
in Section VI.

FLAME SPEED REGRESSION (Routine FSC)

A multiple linear regression model similar to that used by
Hibbard and Pinkel (Ref. 1)(but including a constant term)
was selected:

y = b0 + Ejbjn (2)

Independent Variables In equation (2) the independent
variables were chosen to be the contributor counts rather than
the contributor concentration. This simplifies the prediction
and data handling, and adds flexibility by making the "inde-
pendent" variables more independent. This is true because the
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contributor concentrations depend upon the mixture temperature,
pressure, equivalence ratio, and oxidant composition, as well
as upon fuel composition. A simple relation exists between
the contributor counts and concentration, as shown in Equation 3:

cj = n ci molecules/cc (3)

where ciuis the concentration of fuel in the combustible mix-
ture. Multiplying Equation 2 by cf gives the equivalent of the
Hibbard-Pinkel model (bo = 0).

Dependent Variables For the reasons mentioned above,
the dependent variable y would be set equal to ua f/(cf)
when the coefficients comparable to those publise by - 9iard
and Pinkel are wanted. However, this is not the only dependent
variable of possible interest. In predictions of maximum flame
speed, for example, it is necessary to predict fuel concentra-
tion (or fuel-oxidant ratio, or equivalence ratio) at maximum
flame speed. This is most readily done by correlating fuel
concentration (etc.) at maximum flame speed against contributor
counts. Correlations at stoichiometric fuel-oxidant ratio may
be equally interesting. To emphasize that such other dependent
variables can be handled with equal facility, the indefinite
dependent variable y is used.

Coefficients With the emphasis so far given to fuel
composition, it is appropriate to recall that calculated bj's
are not constants. Values will depend on several or all of
the following (depending on the definition of y):

1. initial mixture temperature
2. initial mixture pressure
3. some specification of fuel-oxidant ratio
4. oxidant composition
5. contributor definitions
6. dependent variable definition

The above list includes the primary state properties. Since
experimental flame speeds (distinguished from theoretical
flame speeds) are always obtained under conditions differing
from the ideal, values of bj will be related to:

7. experimental conditions (oxidant composition,
temperature, pressure, etc.

8. source of data (laboratory, technique, Journal
reference, etc.

All listed factors should be considered when sets of coeffi-
cients are compared.

9



Block Regressions Obtaining a full set of coefficients
is basically a stepwise trial-and-error process. The trial-and-
error enters in the definition of contributors (i.e., independ-
ent variables). Since it is not known at the outset which
structural features will give the best correlations, it is
necessary to accommodate definition of new contributors as the
analysis progresses. In addition, it is desirable and most
efficient to calculate certain coefficients using only a
particular class of fuels. C-H bond coefficients, for example,
are most readily and accurately determined from flame speed
data on hydrocarbons. If accurately determined, a coefficient
should be applicable unchanged in later regressions.

The above considerations indicated that a "block regression"
procedure (certain coefficients held constant) would be most
advantageous. This procedure may be expressed mathematically
by Equation 4:

y sss uuu (4)

The bs coefficients represent those whose values are known,
and are termed the "prespecified coefficients." The bo and
bu coefficients are those to be determined by the regression
analysis. The constant term bo may be either calculated or
prespecified as zero.

Block Selection Criteria All of the data groups that
are acceptable for regression analysis are stored on a single
master reel of magnetic tape. Seven different accept-reject
tests are available for selection of these data. The select-
ing criteria comprise (1) data group serial number, (2) fuel
class number, (3) fuel class-group number, (4) fuel member
number, (5) data source number, (6) experimental conditions
number, and (7) fuel contributor content.

For flexibility, these tests may be ignored, or applied singly
or in any combination. The tests are described in detail in
the following section.
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IV. MATHEMATICAL OUTLINE OF THE CALCULATIONS

FLAME SPEED DATA REDUCTION CALCULATIONS (Routine FSC)

Functions Performed The functions performed by Routine
FSC may be classed in five groupings. The portions of the
computer program used in each function are enclosed in
parentheses.

Function 1 (Subroutines EXPD 1 or EXPD 3)

Given: (a) Combustion mixture, temperature and
pressure

b Fuel stoichiometric oxygen demand
c Mole fraction of 02 in oxidant
d Molar volume of fuel
e Volumetric flow rate of oxidant
fl Flame envelope dimensions

Calculate: al Volumetric flow rate of mixture
b Area of flame envelope
c Flame speed
d) Equivalence ratio

(a) Volumetric flow rate of the mixture,_Qm_

wx = qx*/22,414 g-moles/sec (5)

wf = qf/vf g-moles/sec (6)

wf and Wx are the molar flow rates of the fuel and oxidizer and
qt and q * are the volumetric flow rates in cc/see (the latter
at S.T.P.). vf is the molar volume of the fuel and must be
based on the same fuel density as qf.

vm = 62,366(tm + 273.15)/Pm cc/g-mole (7)

where v is the molar volume of the mixture and t_ (0C) and
Pmv (atml.) are the temperature and pressure of the mixture.

Therefore: qm = (wx + wf)vm cc/sec (8)
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(b) Area of flame envelope, A

The increment of surface area AAi between any two
heights hi and hi_1 is given by

4,Ai+Di ~h hiiJ) + ili cm2 (9)

where Di is the measured diameter at the upper height and
Di_ 1 is that at the lower height. The total surface area of
the flame is calculated by summing these increments over the
whole height

n
A =IF AA cm2  (10)

i=l

(c) Flame speed, u

Once the total flame area has been determined, flame
speed can be easily calculated:

u = qm/A (11)

(d) Equivalence ratio,

From its definition as the actual fuel-to-oxygen
ratio divided by the stoichiometric fuel-to-oxygen ratio, the
equivalence ratio is calculated:

0= (wf/wo/(Wf/wost) (12)

where w is the molar flow rate of oxygen used in the experi-
ment anS wost is that rate required for complete reaction.

But wo = wxZox g-moles/sec (13)

and wost = Wfrst/2 g-moles/sec (1I)

where zox is the mole fraction of oxygen in the oxidant and
where rst is the number of atoms of oxygen required to com-
pletely oxidize one molecule of fuel.

Therefore 0 = Wfrst/2wxzox (15)

12



Function 2 (Subroutine MAXM)

Given: A series of experimental values of flame
speed vs. equivalence ratio. (The flow
rates are the only controllable variables.)

Calculate: l Maximum flame speed
b Flame speed at stoichiometric condi-

tions
(c) Equivalence ratio at maximum flame

speed

(a) Maximum flame speed, Umax

Past work has shown that curves of u vs. 0 generally
are concave from below with a maximum in the vicinity of 0=1.
Figure 3 is an example of such a curve.

Many of the curves are fairly symmetrical in the vicinity of
the peak and are nearly parabolic in shape. Others are fairly
asymmetrical and are better approximated by a higher order
power series. To find the peak of a given series of measured
values of u vs. 0, the data are fitted with an equation of the
form

R r
u ar 0r cm/sec 116)

r=l

The method of calculating the "a" coefficients depends upon the
number of points available, N. If N = 4, a perfect cubic fit
(R = 4) is obtained by solution of the simultaneous equations

R rl
un = :7 ar Onr- n=i,...R (in)

r=l

If N:>4, a least square cubic fit (R = 4) is obtained by the

solution of the "normal regression equations."

N r-1 R N
u - V (a n•l onr + q-2) r = 1 ... R (18)

n=l q=l l

The ncrmal regression equations are the result of a mathematical
treatment on the original polynomial, Equation 17. An explana-
tion of the analysis may be found in statistics texts such as
Hoel (Ref. 6).

Solution of these equations gives the set of "a" coefficients
which minimize the residual sum of the squares:

13
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N2
Q i=- (un- n) 2  (19)

n=l

where un represents a predicted value.

The standard deviation of u about U^ is

S ÷=Qi() cm/sec (20)

If the calculated standard deviation is greater than the one
specified, the cubic fit is declared unsatisfactory and a para-
bolic fit using Equation 18 with r=3 is tried. If the standard
deviation is still too high, the data set is ignored.

If only three points are available, a perfect parabolic fit,
r=3, is obtained in the manner of Equation 17. Less than three
points are not considered'since they cannot define a curve with
a maximum..

(b) Equivalence ratios

(i) Cubic maximum Once the cubic fitting
procedure has been satisfactorily completed, it is necessary to
determine the maximum point (umax,0max) of the curve. Two
additional factors must be cons idered. The maximum velocity
must occur within the data range considered, and a minimum
velocity must not occur within the data range. If either of
these conditions is violated, a parabolic fit is attempted.

Double differentiation of Equation 17 with r=4 gives

u = az + 2a30 + 3a40 (21)

and u = 2a 3 + 6a4  (22)

At the maximum

Umax = 0 (23)

and Umax < 0 (24)

Solving Equations 21 - 24 yields

0 max =(a 3 /3a 4 )(l ±\/l-3a 2 a4 /a 3
2 ) (25)

and 0>; 2a3 1-3a2a4/a3 2  (26)
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The inequality shows that the upper sign is to be used in

Equation 26 when a is positive, and vice versa.

For a real maximum to exist, three conditions must be fulfilled:

a4 ý 0 (27)

a3 # 0 (28)

l-3a2 a4 /a 3  >0 (real roots) (29)

(ii) Cubic minimum The equivalence ratio
at the minimum point (Omin,0min) of the cubic equation must
also be determined:

0 min = -(a 3 /3a 4 )(l T \l-3a 2 a4 /a 3
2 ) (30)

The upper sign is understood to hold when a is positive, and
vice versa. This equivalence ratio must noN lie within the
data range.

(iii) Parabolic maximum When a satisfactory
parabolic fit is obtained, 9 max is given by

0 max = -a 2 /2a 3  (31)

in which a3 must be negative.

Function 3 (Executive routine)

Given: (a) Combustion mixture temperature and
pressure
Fuel stoichiometric oxygen demand
Mole fraction of 02 in oxidant

SEquivalence ratio at maximum flame speed

Calculate: (a) Fuel concentration at maximum flame speed
b Fuel concentration at stoichiometric

conditions

(a) Fuel concentration at Uma, (Cf )max For any
value of the equivalence ratio 0, the fueT concentration is
given by

c (6.0238 x 102 3 )pm (32)f =62,3b6(tm + 273.15)(1 + rst/ 2 Zox)(

molecules cc

16



Therefore (Cf)max = cf evaluated at = max (33)

S(b) Fuel concentration at 0 = 1, (cfc)toc_
Similarly,

(cf)stoc = cf evaluated at 0 = 1 (34)

Function 4 (Executive Routine)

Given: ( Results listed above
(b) Composition, source, conditions and

related input information

Action: Stores in memory only acceptable data
groups

Function 5 (Subroutine Tape)

Given: (a) Acceptable groups stored in memory
and on master tape 6

(b) Changes to be made in the data already
on the master tape

Action: (a) Edit the existing master tape data
b) Add new data groups to the master tape

In all cases, the input data, intermediate values, and output

values are printed out at each step.

Function Options Four options are provided to permit
portions of the program to be by-passed. The options would
be exercised if portions of the experimental data had been
processed previously or if outside data were to be used.

1. Complete calculation Functions 1 through 4
2. Partial calculation Functions 2 through 4ý
3. No calculation Function 4)
4. Tape writing (Function 5 - follows successful

execution of the other options)

FLAME SPEED REGRESSION CALCULATIONS (Routine FSR)

Functions Performed Routine FSR prepares the input
data tape for the Esso Regression Analysis subroutine. Its
operation may be considered in three stages:

17



Function 1

Given: (a) All data groups currently stored on
master tape 6.

(b) A list of data group accept/reject
tests

Action: Selects and stores up to 300 data
groups passing the accept/reject tests

Seven different tests are available for accepting or rejecting
data groups now recorded on the master tape for the regression
analysis. These tests may be employed in any combination de-
sired, including omission of any or-all. A limit of 300
acceptable data groups has been imposed for each regression
run. If more than 300 could pass the tests, only the first
300 doing so are accepted for regression.

(a) Data group serial number test Those data
groups whose serial numbers (machine assigned in order of
tape position) are given in an input specification list are
unacceptable.

(b) Fuel class test Only those data groups
whose fuel class numbers are specified in an input list are
acceptable.

(c) Fuel group test Only those data groups
whose fuel class-group numbers are specified in an input list
are acceptable.

(d) Fuel member test Only those data groups
whose fuel class-group-member numbers are not specified in
an input list are acceptable.

(e) Data source test Only those data groups
whose source number corresponds to an input source number
are acceptable.

(f) Experimental conditions test Only those
data groups whose .experimental conditions number corresponds
to an input conditions number are acceptable.

(g) Contributor count tests Data groups may be
acceptable or unacceptable depending on the presence or
absence of given contributors in the fuel molecule. In addi-
tion, the counts of any specified contributors may be assumed
zero whether they are zero or not on the master tape.
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Function 2

Given: (a) All data groups selected as above
b) Dependent variable numerator and

denominator code numbers
(c) A list of prespecified coefficients

with their corresponding contributor
numbers

Calculate: Adjusted and scaled dependent variables
for regression

(a) Dependent variable calculation The basic
regression problem is to determine the bu and b0 coefficients
in the equation

y = b0 + 2bunu (35)

such that the sum of the squares of the difference between
the actual and predicted values is minimized. Routine FSR
provides the option to define the dependent variable y pro-
vided the independent variables are still contributor counts.
Thus, if regression of the maximum flame speed on contributor
concentrations at maximum flame speed is desired, y would be
defined

y = umax/(cf)max (36)

The dependent variable y may be any quantity expressible as

a simple ratio of any two of the following quantities:

Quantity Identification Number

1.0 1

ustoc 2

umax 3

(Cf)stoc

(Cf)max 5

Omax 6

(b) Dependent variable adjustment If it is
desired to prespecify (and therefore not calculate) some of the
b coefficients in a given problem, it is necessary to adjust

19



the dependent variable by subtracting the contributions asso-
ciated with the prespecified coefficients. Equation 37 indi-
cates the procedure

Y1"Eb n(37)
i Yi -e sbsnis (7

(c) Dependent variable scalin 8 To avoid exceed-
ing the numerical limit of the computer (1038) during the
regression calculations, all of the final dependent variables
are scaled (i.e., multiplied by a constant factor)

Y i = Y'iIO 0E (38)

so that the largest Yi in a given problem does not exceed

1000.

Function 3

Given: (a) All data obtained above
b Input lists of overriding regression

control data (optional)

Action: For each valid regression problem store on
tape 7:
(a) Output page heading
bý Regression control data
(c) Independent variable values (contributor

counts)
(d) Adjusted and scaled dependent variable

values

The regression analysis routine, a modification of SHARE E-R-
MPR2, requires input data for the control of calculation and
printing. One of the functions of routine FSR is to supply
the needed data in the proper form. Although this is done
automatically using internally stored values, input control
data may be given if it is desired to override any of these
values.

In all cases the important input data and intermediate and
output values are printed for each function listed above.
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V. THE COMPUTER PROGRAM

FLAME SPEED DATA REDUCTION (Routine FSC)

Routine FSC consists of an executive, or master control pro-

gram and the eight subroutines listed below.

1. EXPD1

2. EXPD3

3. MAXM

4. TAPE

5. CROUT

6. INPUT

7. VDECOM

8. DECDcP

Section IV contained a brief outline of the functions of the
executive routine and the first four subroutines listed above.
Here, these shall be discussed in more detail.

Executive Routine The executive routine controls the
selection of five of the eight subroutines. The first data
card in each group contains information regarding the option
to be performed, the use of EXPD1 or EXPD3 and the use of
MAXM. The executive routine reads this card and sequences
the operations accordingly. Diagnostic code numbers are
present in each of the subroutines and if any of these are
exercised the executive routine will cause the printout of a
diagnostic. If subroutine MAXM indicates that the data pro-
cessed were satisfactory, the executive routine will store
the pertinent values in memory prior to their addition to the
master tape. Two small calculations, (Cf)st and (cf)max are
also made. It has been attempted to indicate each step in the
actual program with "comment cards", and for convenience a
nomenclature list precedes each routine. These can be found
in Appendix A.

Subroutines EXPD1 and EXPD3 Both subroutines perform
the same basic calculation of total cone area, flame speed,
and equivalence ratio. However, the respective data outputs
differ slightly. It was considered less confusing if each
alternative had its own subroutine. Which subroutine to use
is determined mainly by the intended use of the data after
processing.
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If the data to be processed are to be considered for addition
to the master tape, subroutine EXPD1 should be used. In this
subroutine, one experimental run number pertains to the entire
data group and the input and output are set up accordingly.

If a set of control data are run sequentially, subroutine
EXPD3 should be used. Each calculation is listed sequentially
in the output to avoid confusion of the output with that from
EXPD1. Sample printouts from both subroutines may be found
in Appendix A.

Subroutines MAXM and CROUT Subroutine MAXM analyzes
the data to see if either a valid cubic maximum or a parabolic
maximum occurs within the data range. Subroutine CROUT solves
the equations generated for the regression coefficients. As
the logic used in subroutine MAXM is more involved than in the
others, a brief stepwise description is presented.

1. If the number of experiments (or points) per
data group is 1 or 2, signal that the data are 'bad" and re-
turn to the executive routine. If there are 3 points, go to
step 6; otherwise go to step 2.

2. Calculate the cubic coefficients either from
the cubic polynomial (4 points) or from the "normal regression
equations" (more than 4 points), as indicated in Section IV.
If the calculation is successful, go to step 3; if not, to
step 6.

3. Check cubic maxima criteria (coefficients zero
or imaginary square root). If all are satisfied go to step
4; if not, to step 6.

4. Calculate Omax and Omin. Check for 0 max inside
data range and Omtn outside data range of 0. If so, go to
step 5; if not, fo step 6.

5. Calculate U utocr, x, un, absolute and per cent
differences between un and Un, an• standard deviation S. If S
is less than or equal to a specified value, signal the data
"good" and return to the executive routine; if greater,
signal the data "bad" and return to the executive routine.

6. Calculate the parabolic coefficients from the
quadratic polynomial (3 point) or from the "normal regression
equations" (more than 3 points). If the calculation succeeds,
go to step 7; if not, to step 9.

7. Check for negative coefficient a3 (curve con-
cave downwards). If so, calculate 0 max and go to step 8;
if not, to step 9.
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8. Check for 0max inside 0 data range. If so, go to
step 5; if not, to step 9.

9. Signal the data "bad" and return to the executive
routine.

Subroutine TAPE This subroutine controls all operations
that change the contents of the master tape. The first portion
of the routine scans the tape and makes the alterations to the
data groups that were specified on an input data card. The
second section permits the alteration or addition of contributor
code numbers and names. The third section adds to the master
tape the new data groups that were either approved by MAXM
or entered via option 3. The final section is used only for
the initial makeup of the master tape. Once the tape contains
some data the other portions of the programmay be used without
a sequencing diagnostic.

Subroutines INPUT, VDECOM, and DECDCP These subroutines
facilitate preparation of the input data cards by permitting a
variable width format. The complete card format is described
in Section VI.

FLAME SPEED REGRESSION (Routine FSR)

Routine FSR prepares the input data for the E-R-MPR2 Esso
Multiple Regression subroutine. It does not alter the input
data (with the exception of scaling the dependent variable),
but serves only for selecting the appropriate data for the
regression analysis. In addition, control data are supplied
for the Esso program.

Accept/Reject Tests Seven tests are provided for
accepting or rejecting data groups. The first six tests are
simple yes/no choices and were explained in Section IV. These
tests are listed below.

1. Data group serial number test

2. Fuel class test

3. Fuel group test

4. Fuel member test

5. Data source test

6. Experimental conditions test

Test 7, the contributor count test, is more complicated and
will be explained here in detail.
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Data groups will be found acceptable or unacceptable depending
upon the presence or absence of particular contributors in the
fuel molecule. In addition, the counts of any contributor may
be set equal to zero. The code numbers and test operation are
listed below.

zero test - The count of the specified contributor(s)
is set to zero

one test - The count of this contributor may be either
zero or positive.

two test - The count of this contributor must be zero
or the group will be rejected.

three test- The count of this contributor must be posi-
tive or the group will be rejected.

four to - Six tests are available to select data groups
nine tests on the basis of a particular contributor con-

tent. The acceptance of a data group may be
conditional upon it containing (+) and/or
excluding (-) a certain number of a list of
contributors. An example should clarify this.

Example

The data card types are given an alpha-
betic identification. The contributor
count tests are specified on a "P" type
card and the conditional tests on a "Q"

type card.

(a) Sample P-type Card 1, 0, 15 1,
16, 0, 27, 4, 29, 5, 32, 3, 33, 5j 34,
4, 37, 2, 40, 6, 61, 0.

Interpretation

Apply zero test (0) to contributors
number 1-14, 16-26, 61 and up

Apply one test (1) to contributorý
number 15

Apply two test (2) to contributors
number 37-39

Apply three test (3) to contributor
number 32

The above tests are specific; the fol-
lowing are conditional:
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Apply four test (4) to contributors
number 27, 28, 34-36Apply five test (5) to contributors
number 29-31, 33

Apply six test (6) to contributors
number 40, 41

(b) Corresponding Q-type Card

+3, -2, +1

Interpretation

Four test; the data group must con-
tain (+) at least 3 contributors from
the list 27, 28, 34-36.

Five test; the data group must not
contain (-) at least 2 contributors
from the list 29-31, 33.

Six test; the data group must con-
tain either contributor 40 or 41.

NOTE: Conditional tests 7 to 9 were
not used in the example.

Dependent Variable Limitations Up to 10 different
dependent variables may be regressed in a single computer
run (problem numbers 1 to 10). All problems in the same
run share a common list of regression control data and
operate on the same set of selected data groups.

Regression Control Data The regression analysis sub-
routine, a modification of SHARE E-R-MPR2, requires several
pieces of information for the control of calculation and
printing. One function of routine FSR is to supply the
needed data in the proper form. This is done automatically
using internally stored values. Only when it is desired to
override one or more of the internal values is it necessary
to supply input control data. Internally stored values are
given in the following list.
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Built-in

Item Description Value

Dec. 1 Tolerance 0.001*
2 F value for entering variable 0.00002*
3 F value for removing variable 0.00001*

Int. 1 Problem number calculated
2 Number of variables calculated
3 Number of points (data groups) calculated
4 Weighting factors given i(no)
5 Intermediate steps printed 0 yes
6 Raw sums of squares and cross products 1 no)*

printed
7' Averages to be printed 1 (no)*
8 Residual sums of products to be printed 1 no *
9 Partial correlation coefficients to be 1 (no)*

printed
10 Predicted values (Yi s) to be printed 0 (yes)*
11 Constant term (bo) to be assumed non-zero 1 (no)*

Values marked with an asterisk may be overridden by input values.
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VI. USE OF THE COMPUTER PROGRAMS

Both routines have been written in the standard FORTRAN II
language compatible with most large-scale computing equipment.
A maximum of four magnetic tape units are required in addition
to any tape units used for input-output operations. The
routines, as presented in Appendices A and B, are programmed
to be compatible with the IBM 7090 Monitor system, with Tape 2
designated as the input and Tape 3 as the output.

Two additional routines have been included to avoid the storage
of the master data tape over a period of time. Routine FSRDM
will prepare a master data deck, or modify an existing data
deck from information contained on the master data tape.
Routine FSRTL will prepare a tape from the master data deck.
These routines are presented in Appendix C.

INPUT DATA DECK PREPARATION

The programs accept the standard IBM type, 80-column punched
cards. However, only columns 1 to 72 may contain information
to be processed by the computer. It is recommended that
columns 73-80 be used for some type of identification both
for the users standpoint as well as for the computing center.

All decimal input data and most integer input data are pro-
cessed via subroutines VDECOM and DECDCP before being used in
the computation portion of the main routine. The use of these
subroutines simplifies data card preparation to the extent
that field widths may be neglected. It is only necessary to
provide a blank space or a comma between entries on the data
cards. One restriction is imposed though. No entry may end
in column 72 on the data card.

FLAME SPEED DATA REDUCTION

The input data deck may consist of several sets of cards
depending on the nature of the data and the option applicable.
If only the calculated flame speed is of interest, an unlimit-
ed number of data sets may be entered. If, however, options
1, 2, or 3 are used for the purpose of adding data groups to
the master tape, an option 4 must follow every 20 sets or
less. This limitation is imposed because of the internal
storage requirements of the program. Options 1, 2, or 3 may
be run in any order.
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To simplify the makeup of the data decks, each card fulfilling
a specific purpose has been assigned an alphabetic code letter.
Below are listed the data deck requirements for each of the
options available. The actual makeup of the cards follows.

Option 1 Calculation of Flame Speeds from Raw Data

The first four card types set up the calculation sequence and
define certain general conditions. The remaining cards con-
tain the experimental measurements for each flame photograph.
Thus, for a total of N 2 photographs, the card order would be:

Card Order Card Type

1 A
2 X
3 B
4 C

5 to N + 4 D

Certain entries on the A card determine whether or not a full
calculation or just the flame speeds are required. If the
latter is the case, any number of these sets may be submitted,
otherwise the maximum number before a tape writing sequence is
20. N2 is limited to 10.

Opio Calculations for Given Equivalence Ratios and
Flame Speeds

The first four card types are similar to those mentioned above.
The last card contains the predetermined flame speeds and
equivalence ratios.

Card'Order Card Tye

1 A
2 X
3 B
4 C
5 E

Option 3 All Final Values Given

Only the information on the first three card-types Is required.

Card Order Card Type

1 A
2 X
3 B
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Option 4 Tape Writing and Editing

The first card type remains the same. The second card type con-
tains information about the remaining two card types.

Card Order Card Type

1 A
2 F
3 G
4 H

Card Content by Card Type All numerical input data for
routine FSC are processed by subroutines VDECOM and DECDCP. In
the listings below, all integer quantities are designated Int.
and all floating point quantities (e.g. ,002 or 2.E-3 or 2.-3)
are designated Dec. The only restrictions on preparation of
these cards are that column 72 must be blank and each entry
must be separated by at least one blank or comma. Readin of
alphanumeric input is accomplished with an "A" format and the
card column designations below must be maintained.

A Card

Entry 1 Int. 1000, card identification
2 Int. Run number (1 to 9999)
3 Int. 4, number of integer entries

following
14 Int. Option number (l to 4)
5 Int. EXPD, subroutine number (1 or 3)
6 Int. No, number of inhibitors present

7 Int. MAXM, subroutine switch (O-use,
1-bypass)

8 Int. 1, number of decimal entries
following

9 Dec. 0., dummy entry

X Card
Columns

Entry 1 Int. 0000, card identification
2 Int. O, dummy entry
3 Int. 0, dummy entry
4 13-24 Alphabetic, fuel name
5 25-36 Alphabetic, date
6 37-48 Alphabetic, inhibitor name
7 49-60 Alphabetic, inhibitor name
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A maximum of ten inhibitor names may be entered. These names-
must follow sequentially on the data cards and must occupy
twelve columns per name. Columns 1 to 12 on each card, however,
must contain the three integer entries listed above. Thus,
if No were 4, the fuel name, data and three inhibitor names
would go on the first X card while the fourth name would
appear in Columns 13 to 25 of the second X card.

B Card

Entry 1 Int. 2000, card identification
2 Int. Run number
3 Int. 7, number of integer entries

following
4 Int. Option number (1 to 3)
5 Int. Fuel class number (0 to 99)
6 Int. Fuel group number (0 to 99)
7 Int. Fuel member number (0 to 99)
8 Int. Data source number (1 to 9999)
9 Int. Experimental condition number

(1 to 9999)
10 Int. Ni, number of contributors listed

on following B cards (1 to 100)
11 Int. 5, number of decimal entries

following
12 Dec. Flame speed at stoichiometric

conditions (cm/sec)*
13 Dec. Maximum flame speed (cm/sec)*
14 Dec. Fuel concentration at stoichiometric

conditions (molecules/cc)*
15 Dec. Fuel concentration at maximum flame

speed (molecules/cc)*
16 Dec. Equivalence ratio at maximum flame

speed*

*Enter 0.0 when these values are not known (i.e., for options
1 and 2)

B Card Continuation

Entry 1 Int. 2001, card identification
2 Int. Run number
3 Int. N2 , number of integer entries

following (N2 l-10)
4 to N2 +3 Int. Contributor code numbers
N2 +4 Int. N2 , number of decimal entries

following
N2 +5 to Dec. Contributor count
2N2 +5
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If more than ten contributors are present, additional continua-
tion cards may be used. For each subsequent continuation card
increase the card identification number by one (1).

C Card

Entry 1 Int. 3000, card identification
2 Int. Run number
3 Int. 2, number of integer entries following
4 Int. Option number (1 or 2)
5 Int. N3 , number of experiments in data

group (EXPDI) or number of experimental
runs(EXPD3)(i.e., number of D cards)

6 Int. 7, number of decimal entries following
7 Dec. Mixture temperature ( 0 C)
8 Dec. Mixture absolute pressure (mnu Hg)
9 Dec. Stoichiometric oxygen ratio (atoms

oxygen/molecule fuel)
10 Dec. Mole fraction 02 in oxidant
11 Dec. Volume per mole of fuel at given fuel

flow rates (cc/gram-mole)
12 Dec. Maximum allowable standard deviation

in u vs. 9f curve for addition to
tape (assumed 1.0 cm/sec if 0.0
entered)

13 Dec. Actual distance between teeth tips
seen on schlieren photograph (cm)
(assumed to be 0.2 cm if 0.0
entered)

D Card

Entry 1 Int. 4000, card identification
2 Int. Run number
3 Int. 2, number of integer entries following
4 Int. 1, option number
5 Int. N4 , number of diameter measurements

listed on continuation card (1 to 100)
6 Int. 6, number of decimal entries following
7 Dec. Fuel flow at mole volume of entry 11

on C card
8 Dec. Oxidant flow at STP (cc/sec)
9 Dec. Mole fraction of inhibitor in final

mixture
10 Dec. Measured peak height (arbitrary units)
11 Dec. Reference length (cm)
12 Dec. Reference length (arbitrary units)
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D Card Continuation

Entry 1 Int. 4001, card identification
2 Int.* Run number
3 Int. N5 , number of integer entries

following
4 to N5 + 3 Int.** Station height of diameter measure-

ment (1 = cone base)
N5 + 5 to 2N5 + 5 Cone diameter (arbitrary units)

*For data processing by subroutine EXPD1, the run number on
each D card must be the same as that on the A, B and C
cards. For processing by routine EXPD3, the run number is
to be incremented by one for each subsequent D card.

**The station heights correspond to the "teeth locations
referred to in the C card description. The distance
between twenty reference teeth was accurately known. As
all flame speed measurements were made on a microfilm
reader, it was found to be more accurate and more convenient
to measure the flame diameters and teeth spacing in any
suitable units (say mm) and have the computer rescale the
measurements to the desired units.

E Card

Entry 1 Int. 5000, card identification
2 Int. Run number
3 Int. 1, number of integer entries

following
4 Int. 2, option number
5 Int. N3 , number of flame speed -

cequivalence ratio entries
(1 - 10)

E Card Continuation

Entry 1 Int. 5001, card identification
2 Int. Run number
3 Int. 1, number of integer entries

following
4 Int. 0, dummy entry
5 Int.* N3 , number of flame speed

equivalence ratio entries
6 to 6 + N3 Dec.

*Nq is entry 5 on the C card and must not have a value
exceeding 10.
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F Card

Entry 1 Int. 6000, card identification
2 Int. Run number
3 Int. 5, number of integer entries following
4 Int. 4, option number
5 Int. N6 , number of G-card groupings to follow

(0 to 20)(contributor count changes)
6 Int. N7 , number of entry pairs on H-card

to 50)(contributor name changes)
7 Int. 7, for initial tape makeup, otherwise

zero
8 Int. 0, for other than last data card set;

1, for last set
9 Int. 1, number of decimal entries to follow

10 Dec. O.,dummy entry

G Card

Entry 1 Int. 7000, card identification
2 Int. Run number
3 Int. 2, number of integer entries following
4 Int. Data group serial number
5 Int. N8 , number of entry pairs in contributor

count change list (0 to 90)
6 Int. 1, number of decimal entries following
7 Dec. O.,dummy entry

G Card Continuation

Entry I Int. 7001, card identification
2 Int. Run number
3 Int.* N,, number of integer entries following

(O to 10)
4 to N9+3 Int. Contributor number
N + Int. N9 , number of decimal entries following

N9 +5 t9 4+2N9 Dec. Contributor count

*If N8>10 additional continuation cards will be required. The
card identification number must be incremented by one on each
continuation card.
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H Card

Columns 1 to 4 0000
6 0
8 0

"13 - 16 contributor number
25 - 28 contributor number

61 - 64 contributor number
* 19 - 24 alphabetic contributor name

31 - 36 alphabetic contributor name

67 :72 alphabetic contributor name

*There are to be five entry pairs per H card. If N from.the
F card is greater than 5, continue the listing on ahditional
cards at five pairs per card.

Fortran Routine The Fortran II program is listed in
Appendix A with sample printouts. Duplicate decks of this
program are available.

FLAME SPEED REGRESSION

The number and type of cards comprising the data deck will
depend upon the number of tests and changes wanted. To facili-
tate the deck makeup, each specific data card has been given an
alphabetic code letter from I through U. Card types I, J, K,
and T in the deck are mandatory with the K-type card containing
control integers governing the number and type of all but one
of the remaining cards.

Card Order Card Type

1 I
2 J

Next, unless N2 = 0 L
Next, unless NK = 0 M
Next, unless N4 = 0 N
Next, unless N4 = 0 0
Next, unlessN 5 = 0 P
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Card Order Card Type

Next, unless N7 = 0 Q
Next, unlessN8 = 0 R
Next, unless N9 = 0 SNext 

TI*
Next, unless N10= 0

*Nl pairs of these cards may be used (N 1 ,.lO). The T card
contains Nlo and hence governs the use of the U type card.

Card Content by Card Type With exception of the I, J, R and
U type cards, all input data to routine FSR are integers. A
fixed format is used to accomplish this with four spaces allotted
to each entry (1814). The type U cards are decomposed in sub-
routines VDECOM and DECDCP with the same limitations as described
for routine FSC. When card column designations are given, they
must be adhered to.

I Card - Subtitle Information for Routine FSR Printout

Column 1 Alpha Blank
2-72 Alpha Subtitle

J Card - Title for Regression Program Printout

Column 1 Alpha One (1)
Column 2-72 Alpha Title

K Card - Routine FSR Control Card

Entry 1 Int. Regression run number (1 to 9999)
2 Int. N1 , number of dependent variable

choices in this run
3 Int. N , number of entries in input list

(L card) of unacceptable data group
serial numbers (0 to 300)

4 Int. N , number of entries in input list
(M card) of acceptable fuel class
numbers () to 13)

5 Int. N4, number of entries in input list
(N card) of acceptable fuel class
group numbers (0 to 40)

6 Int. N8, number of entries in input list
(0 card) of unacceptable fuel class-
group-member numbers (0 to 80)

7 Int. Acceptable data source number (0 to
999, 0 means all sources acceptable).
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Entry 8 Int. Acceptable experimental conditions
number (0 to 999, 0 means all
conditions acceptable)

9 Int. Nq, number of entry pairs in input
list (P card) of contributor count
tests (0 to 200)

10 Int. N7 , number of entries in input list
(4 card) of conditional count test
criteria (0 to 6)

11 Int. N8, one if overriding decimal re-
gression control data (R card) to be
read; otherwise zero

12 Int. NQ, number of entry pairs in input
lst (S card) of overriding integer
regression control data (0 to 7)

13 Int. Highest contributor number in use
(1 to 200, higher ones ignored)

14 Int. 1, for the last run, otherwise zero

L Card

Entry 1 to N2  Int. Unacceptable data group serial numbers
(N2 ý'- 300)

M Card

Entry 1 to N3 Int. Acceptable fuel class numbers (N3 120)

N Card

Entry 1 to 2N4  Int. Acceptable fuel class-group numbers
(N4 L 40) paired.

0 Card

Entry 1 to 3N5 Int. Unacceptable fuel class-group-members
(N5 e-80) in trios.

P Card (see "Contributor Count Tests")

Entry 1,3 2N6 -1 Int. Contributor number N pairs
2,4 2N6  Int. Contributor count test (N 6 t200)

Q Card

Entry 1 to N7 Int. Conditional count test criteria.
First entry goes with test 4, second
with 5, etc. (N7 -6)
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R Card (see "Regression Control Data")

Columns 1 to 10 Dec. Tolerance
11 to 20 Dec. F value for entering variable
21 to 30 Dec. F value for removing variable

S Card (see "Regression Control Data")

Entry 1,3 2N9-1 Int. Integer regression control item
number

2,4 2N9  Int. Overriding integer regression N9-7
control data

T Card

Entry 1 Int. Dependent variable numerator
identification number (1 to 6)

2 Int. Dependent variable denominator
identification number (1 to 6)

3 Int. No, number of entry pairs in input
list (U card) of prespecified re-
gression coefficients for this
problem (0 to 50)

U Card

Entry 1 Int. 1, card number
2 Int. Run number
3 Int.* N1 1, number of integer and decimal

pairs to follow
4 to 3+Nl Int. Contributor number
Nll +4 Int. N1 l

Nl+5 to 4+2N Dec.. Prespecified coefficient

*If NIO> 10 additional U type cards will be required until
all o the contributor numbers and coefficients are entered.
The card number must be incremented by one for each additional
card.

Fortran Routine The Fortran II program for routine FSR
is listed in Appendix B. Duplicate decks of this program are
available.

MASTER DATA DECK LOADING AND MODIFICATION

Routine FSRTL The only data cards required by the
routine are those of the master data deck itself. The card
image of this deck will be read onto logical tape 6 which
will then be given an end of file and rewound.
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Routine FSRDM If it is desired to update the master
data deck, routine FSRDM will cause any or all of the data
groups on the master tape to be punched. The master tape must
be logical tape 6. All control data for the routine are integers
and a fixed format is used which provides a six-column field
width (1216).

First control card for Routine FSRDM

Entry 1 Int. Number of data groups in the master
data card deck

2 Int. N, number of data groups which have
been altered since last deck makeup

3 Int. Punch contributor name list?
(1-yes, 2-no)

4 Int. Punch dependent variable name list?
(1-yes, 2-no)

If none of the data groups have been modified, N1 = 0 and the
routine will punch only those data groups added since the last
makeup. If N1 x 0 an additional control card is required.

Second control card for Routine FSRDM

Entry 1 to N1 Int. Serial number of data groups that
have been modified since last deck
makeup.

The Fortran II programs for routines FSRTL and FSRDM are listed

in Appendix C. Duplicate decks of thesev.programs -are available.
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VII. NOMENCLATURE

a Power series fitted coefficient 2
A Area of flame schlieren cone, cm
b Regression coefficient
c Number concentration, cm-3
D Diameter of flame schlieren cone, cm
E Dependent variable scaling exponent
h Height above burner port, cm
n Contributor count, no./molecule
N A number
p Absolute pressure, mm Hg
q Volumetric flow rate, cm3 /sec.
Q Residual sum of squared differences
r Atoms of oxygen per molecule of fuel
R Maximum value of r subscript
S Standard deviation
t Temperature, °C

u Flame speed, cm/iec.
v Molar volume, cm%/g-mole
w Molar flow rate, g-moles/sec.
x Independent variable
y Dependent variable
Y Adjusted and scaled dependent variable
z Mole fraction

AIncrement prefix
3.14159

0 Equivalence ratio

Subscripts

f Of fuel
i Data group index, block regression
J Contributor index (or number)
m Of combustible mixture
min At minimum of cubic fitting equation
max At maximum flame speed
n Height index
o Of oxygen, or zero index
p At peak of flame cone
q Dummy r index
r Term index, u-0 curve
s Specified (or prespecified)
stoc Stoichiometric
u Unspecified (to be calculated by regression)
x In oxidant
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Superscripts

A Calculated from a fitted equation
* At STP (O0 C, 760 mm Hg abs.)

Adjusted
* First derivative
"* Second derivative

/4
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for Routine 1SC
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R4OU TIN E FiCA

PLANE SPEED CALCIA.ATIDN gEKECU.lvi PROGRAM

Oksi ioia 7la -PAM PE CALCULATIONtS 'MOOT "7- 2 . Fx I
C I_... __ I- - - -- _______ - *-SC
C EiECUTIVI ROUfiNE FidAFLAME SPEED CALCULATIONS MAC - DAYTON -- FSCA 3

_____________________________________FSCA 4.
t; NOENCI.ATURE PICA -S'

*l-..- FSCA..A6
C AIIII AND A2IZ1 FUEL NAME - SCx

C CMX -FUEL CONCENTRATION At MAXIMUM FLAME VELOCITY FSCX 9
IM'c.IJ J ___________________SCA _ ID.

C CITOC -FUEL CONCENTRATION AT STOICHIOMeTEIC PICA it

C DlU AND YE -FIRST AND SECOND HALVES OF DATE PSCA 13
.C-.1. K...ANO......±L CUTING INTEGERS. . . ___ -,-. FSCx 14
C hIAul FUEL CLASS NUMBER PICK is

Jc----I~i--------- .. J~U..............EJQ.&MA____________ ___ SCX_ 16.
C IXCIII -FUEL MEMBIER NUMBER PICA L1
.C 121 .V-URl UMBER-... FSPCA .X Is
C 13111 EXPSERIMENTAL CONDITIONS NUMBRSES PSC X

A I$USt UPSRCUA .NRITA CONSIDERED PICx.20
C IAOD . NUM4BER OP DATA GROUPS ACCEPTABLE FOA WRITING PSCX 21

* C..~LCjLRljNFI CHC PSCA _22.
C ICIL -OPTION CONTROL INTEGER FSCA 23
C ... IEAPD X.. ..... EPD. - UBROUTINE -SELE.CJJLI4.IGI.Q.KJI..............FSCX.... 24

C INHI3htlI,I &ND PSCA 25

C IPN NUMBER OF EXPERIMENTS PICA 27

r SPECIP.CLNJwALjfJ.T _J;aR..DLfw.REE_ PICA____2B.
C ROK E SIGNAL INTEGER FOR ACCEPTABLE DATA PSCA 29

.C- ........NAUN K.. U. _NUMB El OF DATfA GROUP-..... PICA 30

C 4EUNT -U MNMUMBER CHECK PICA 31
C ... DN1 _ ......... QUI VALENCE 101 lOS FS~...PCA 32
C NIJYIIJNH NUMBLA OF INilIAIVORI USED PICA 33

- TR C.0T(E4JOSMCSI.1.OI1A AONE -u PISCA___ 34
C M4OLECULE OP FUEL PICA 35
C . M -" EQ.. -IUI VALENCE RATIO AT MAX IMUM.ILAft"LVEI.OCY.-------FSC X 36.
C PM is ASOL UTE PR E S URE OP GAS MIXTURE IMM. MERCURY) FSCX 37
C _. .__STDS......... M.. AXIMUM ALLOWIABLE STNDU OEVAF..G..LI.....PCX __.38
C 0 CURVE FOR ADDITION TO TAPE PICA 39
_C. .............0.aN L__ -_FOUIVLIMCLARATJ.JA PICA 40
C U AND UINI F LANE SPEED lCM./SECI PSCx ___l4

C. .TEH...... .- A..A.OETNESE.TEEN-TRET.I TIf1IIE.N_ .JM ----- PICA _-42
C SCHLIEAEN PHOTOGRAPH tell.) PICA 43
C M ....... zA.XT.UNE_.1.TEMPEPATURX ... IOEL....I --- PSCX 44
C UNAO - MAXIMUM FLAME SPEED ICM./SECI PSCX 45
ýC ... .... USJ... ..... E.AE.3EI ..4.TD I oMLA~~ Nntitfts ZOK ..PICA. A
C ICM.iSECI PICX 41
C . VBPO - .. ...-.....VOLUME PER MOLE OPF FUEL. .. ICCj.tG1hI=M DR.EJ ...FPICA _ 4R
C VBM VOLUME PER MAOLE OP MIXTURE lCC./GRAM-MOL11 PICAX 419
C YO ......... =JOEFEAC"ION OR YU;EN IN.OAIDANL........ . .SCA so
C PICA 51

______________ _______________ SCX __2
COMMON INT, IIEC. IC. J311, J22, J13. NIN. NRA PICA 53
DIMENSIONý INTEIDI. DC-Clio) . PCA 54
DIMENSION AI.IODI,A21201.BIIIOD,201,DAIA.ZDI.1IAIZii-.*iIEIEdi,. PICA 55

--__I _____.......LCJI.2Z)II2 .,4 .56JIID.jJ.~jjL~.D IA V
2 ,NMHIBI(10,20), INNIR211O,201 PIS 17 5

To IAOD - 0 
PICA 59

3D CALL INPIj_. . . . . _____PIFCA 60
"NEA . NRA PISCA Al

- ACTQ 1 31. 521. 701. 300. 901. 300. 300, 34002. NIX PCA 62
C PICA 63

C PICA 63
31 KRUN, * L.21.. - - - - -______ FSCX _ A

I CTL -INT(II 
PICA A?

lgxpD a INT12) PICx__ AR
NU" INN INT43I PICA 69

I F (NAOMI 32,210.32 
PICA 71

*.....2fINUMINW-3201IlA013 PICA __ T
320 NUMINH -I' PICA 13

C OPTION SELECTION PICA TA-
_r - --- PICA _ 76 T

33 IF IICTL -41 40,150.30 rscA 7?

I0 1 - IADO I PICA 79

C A CARD READING rscABit

52 READ INPUT TAPE 2. 00 PICA H3

INUMINH I PICA $5
_ O_1C.)O P3 SCA ___B

C PICA AT
..C 9.- CARD .ASSIGNMRNT$ _ , -- . PCX A
C PSC, ANX :

- .. MI.N M CN 2- le. .Q9DPSC 90
IF INUMCON) $23. 522, 523 PICA 91

K .11 PCK___ 92_
ICANT - INTI&I PISCA Y3

..JIAII)A_.INt(ZL... J .. __________ .SCX. 94

1 16111 *INT131 PICA 9S
__. I..1C1 II a I INTIH________ ___________ PICK 96

12111 *INTIDI PICA 97
.J 3 IJ ... L"±..i PSCE ._ -9

Ri - INTIYI PICA 99
Do 320 K S,.. ICAX D

5220 BAIR, 1) DACIK-Il PICA 101T
GO TO 3D F--_______ _ PCA 102

323l IPI NAU~r - Jill 3100, 5230, B00O PICK 103
--- $4230-..L li .11 9Vi'C PICA... 104

100 * LIMIT.- 9 ICK, lA
AFftIIMIT T l 1.1~_______ . ICA. .10
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ROUTINE FSCI -

-- - -. .CONTIMEDID)

-FLAME SPEED CALCULATION IXECUTIVII PSOOKAN

5 24 LIMIT K 0 FOCI 101
525 N *0 PICX Loa

- -- _____________________FSCA -. 109

524E1K,I) O ECIMI FSCII 112
IPE LIMIT - Kit - 34. HIL..)9 - ...PSCx 113

53 14(l) , E FOCI 114

C -0'RINTOUr OF INPUT DATA P511__116

WRITE OUTPUTI TAPE 3. 1010 FSCII its
..NRUN .OU,TE- - - - . .. FS... - *.PCX 119

WRITE OUTPUT TAPE 3. 1011 FSCx 120

9 AII) A11 2(11 .IINIHIS1IJI, INNIS2(J.II.J-.1 (UMINMI FOCA 122
AEI.E..J~eJTTP~..).....O1,__________ PCI 123

9 lEASE), 115111, IICII). 12(11), 1391) PICx 124
wRItjg-jUTPUT AE3,II - - - - - - _FSCX 125

9 .lOAI ""II.K 6)4 FSCx 126
.........KLjEt OUTPUT LTAPE 3. 101 FOCI _ 127

WRITE OUTPUT TAPE 3. 1015 fscAx 12d
_9 *lIK.jE.KjS1j.______________ PSO-124

C SCx 130
.C _PkQNL.NUMlO.E...OftS JI.SEFJCY 0HCK _________________-FSCI - 131

IF (NEON - NAUNrI 200.55,200 PICA 132
C ~FOCI___133

c CONITkOL INTE-;EE CHECK PICx 134
_C_.~.--~___________________ FSCX 135

55 IF IICTL - ICANTI 200.60.200 FSCI Liý.
C . _.___________ _- PICA 13 7
C OPTION SELECTION .FOCI 1:$d

_6- t- 2) TO70.12.10 FOCI__ 139
7000O TO 3 0 -FSCI 140

C - ... ___________...FSCX 141
C C CARE ASSIGNMENTS FSCX 142

C. .... ... __________________________ FOCiS-143
701NRNT ILFOCI 144

- -N INTIt) FOCk___145
194 - INT121 FSCX 146
_..TM *..OEC11)__________ __________PCK 147
PM - DEC(2) FOCI 146

.OPSR,. .DEC (3)________________________ FSCX 149
TOE - OEC4NI FOCI 1501

OTOS OC161 PICA 152
TEET DE(1CT1 7..___________ FSCX 153

74 WEITE OUTPUT TAPE 3.1017 FOCI 154
WRITE OUTPUT TAPE...3J09..____ ________- FOCI L!,5
9 , THPm.OFSR,.OI,VEPO FOCI 156

C INNUMIEUk CLINSISTENCY CHECK FOCI 15?L
C NU FOC. 1%19

IF INRUN -NAUNTIZ200,71,200 - PCK 160
C FSCI 161
-C -C~I]QL I ___________________PCK 162
C FOCI- 163
...11 IF I ICTL.- CA.aOfl00_______________FOCI 164

75 VEN - 62366.0-(Th * 27,.LSI/PM FOCI 160
COTOC - 6.023SE2311VBE5ý,kl.0*PftfU 2.0-YOXIII- FOCIx 11,6

CS PIA 1 69

G.....O TC-180,901,JT. .- _ __-_____ FOCI 170

00 G0 TO 182,83, '31 IE"pE FOCA III
El CALL E.FUIPISN . N,CICL.OPIRYOIt.V&FO ,V6NvPNOUE~E.TJ~ FOCI - 172

Nk NUNT t FOCI 173

05 CALL EIFO34NAIN,ICTL.OFSR,YOI,VdPO 089M, IPN, 0, U. x000. TEATM * FOC)C 175
- . I NRUNT . )_... -- _______________ FIC 176

84 IF TIODE -31 81.100. E1 FOCI 117
...9O GO T0C 30 -. ____ . .. ___________ FOCI lid

C FOCI 174

C FOCI 181
_901 NUMCCN - IC % 000 POFCK 10 a2

IFlI NIOCON I V41. Voa. 904 1-Sd 103
.......52 NRUN.T it),.~ -__________________ FOCI _ 144

ICANT -iNrilif FOCI 105
91N - 1. IPN FOCI 106

!03 0I4) - DECINI FOCI is?
10.T 30~- .__________ FSCI -,til

NKN 09 40 N I IPn ICA 100
....9Q5..UINI * OECIN -. F _____- Pl 190

CFOCI 101
A 111114 UO49FR ýONSISTFNCY CHECK FOCI __ 192
C FOCI 19A

IF INEIN
2
- NkUNT) 20Qj..!h200.____ ______. FOCI 194

C FOCI 1945
C __CONTROL IF(Tk!ERSHTrlL . _ F~b - 196

C FSCX 197
91 IF IICTL - ICANT) 21)(.EOOl.200 POCo _190

C FOCI 144
C_ -- 0ETERMiNATIONAEJ(AýINUM....LARL..SPREO. _____ FOCI 2o00
C 

FOCK 2 0110(1 CALL MAIM- IPN -V- ~tUMX,jVST0C,- EDEjT.tQi.j0D..(X FOCI I.-
NNUNI FOCI 20

C TEST FOR SUCCESSFUL DETEREMINATION Of MAXIMUM4 FLAME SPIEED FOCI 200
C . ~ FOCI 206

IF ITEDEE 31 30,110.30 FICI 207
C FOCI 400
C TEST FOR REASON FOR IIMSUCCEiSOPI.L'DETEr.MINAkTIOIO OP MiAR SPEED FOCI 309

II IF LEIAUf;jj2 ;VI 0,0030 PICA 211
10CI*1.2E2.YE.1O*O.RLDMI.YDI.2.0II1 .. -- PICA 212

46



ROUT IHE FSCR
• . .. . . .... . ;ONT INU1)

FLAKE SPEED CALCULATION EXECUTIVE PROGRAM

C FSCX 213
C STORAGE OF ACCEPTABLEC'ATA ..... . . FSCX 214FSCX 215

0" 2.,1 * USTOC FSCA 216

06(511.UI __________________ PCAx 217
DAI4.e) * CSTOC FSCA 218

DA15,II)_!.CMX FSCA 219

A16.1) - OMX FSCA 220

_......JJIA I. lAID + I _ FSCX 2221
FSCi---22

.. PRINTOUE1OF.A C PAEjJ..ATA " .. ..... FSCX. 223

C FSCX. 224
WRITE OUTPUT TAPE.S3....D ....... P. FSCX k25
WRITE OUTPUT TAPE 3. 1012 FSCX 226

)* AIII, A211)|IIN14BIIJ.|h INMI0IJ*IJ1.1. NBNINHKI FSCX 227

WRITE OUTPUT TAPE 3. 1013 FSCX 228

- A .. .J... LLLLLI,. )ij J.JiLU.t._|_I I - FSCA._ 229
WRITE OUTPUT TAPE 3. 10131 FSCX 230

GT TO 30 FSCX 232L
PFSCXT 233

C' TAPE EDITING AND WRITING FSC• 234

. _ __ F S C X.E _ .2 3 5
150 CALL TAPE INRUNICTL.A1,A2.lA,11B.1C.IIZC13.DA.14.J1.B1, FSCX 236

. ..... ADO. DU& 4. Lj- AST_ FSCPIC .237
€ FSCX 38

JEST FOR COMPLETION OF TAPE EDITING AND WRITING FSCX - 239

C FICX7 240
_FSCX_---P 241

151 REWIND B FSCX 242

__.ZIO...6RLT%.QLP!L VLtAP.F~.Q3 .. . ..- _PCA 243
GO TO 20 FSCXA 244

_ FSCX 245
C ERROR PRINT - RUN NUMBER OR CONTROL INTEGER INCONSISTENCY FSCX 246
.C.. F-_ _CA 247

200 WRITE OUTPUT TAPE 3. 1016 FSCA 240S...... ...... jNRIJN.. 1ik.Tj, A~i._._T_ - PFSCA __ 249
GO TO 30 FSCA 250

C FSCXA 251.
C DIAGNOSTIC - UNACCEPTABLE CARD ORDER FSCX 252

.C .. . ... FSCX _ 253

300 WRITE OUTPUT TAPE 3, 3000. IC. J11 FSCX 254

N... -... N 2NE FSCX 255
GO TO 30 FSCX 256

_ __SC_ 257

I FORMAT STATEMENTS FSCX 25a

C FSCX 259

100i FORMAT I 12X. 10A6 I FSCX 260
1010,FORMAT FSC. 261

9 (1141. 9THMONSANTO RESEARCH CORPORATION FLAME SPEED CALCULATE FSCX 262
TIME 2018 MODIFICATION I 'R_26I4 *6H DATE ... _... .FSCA .63

1011 FORMAT FSCX 264

.9 I 110. .25X'IOHIfNU.T._._TAI.JA.......-...- .... FSCX 263

1012 FORMAT _ FSCX 266
9 1 IN0, 30K. 9HFUEL NAME .* 3s, ISHINMIOITORS USED Ii FSCX 267

12 A 6 , 3 2 X ý- L .. I6-P I-. L k *-L-- 6 A-- F S C X _ 2 6 8

1013 FORMAT FSCX 269
9... 9 I | M O ,. _. O A , .. I B F UR I. ¢( J .M S U MU E R. 3 X , . 1 6 . J l X _- t. F S C R . 2 7 0
I 1IFUEL GROUP NUMBER 3X, 16. 'IX . FSCX 271

2 .. IOHPFUEL_"EMBE,_NUMSER.3X3, 16, -f_ FSCX - 272

3 IND, IOX. ISHDATA SOURCE NUMBER 3X. 16. 1IX t FSCX 273
A .O3HE XPER.IAMAENTAI CONJ.ITLONS NUMBER E EIA.6 I IFCA 274

10131 FORMAT PSCX 275

9 IM0,..OT..5.11J.&LJELOCITT AT ATPICHIOMETRlkg mW.0NT.EAI" AJ___ PICA _ 2
10 * 3X1 F9,4. 9A. THCM./SEC / IFSC 277
2 1H.OIOX. 22HMAXI.UM FLAME VELOCITY 2 330. _ ... PI.... 78

3 IN0, lOX. 47MFUEL CONCENTRATION AT STOICHIOMETRIC CONDITIONS FSCA 279

4 jQJI P13.6.L-M 31F3SIYU ~,...../PC&_280
I140. OX. 52HFUEL CONCENTRATION AT CONDITIONS OF MAXIMUM VELOCIT FSCX A 28

..L. _____ ________ SCA .. 282
7 MO,1OX. 4OMEQUIVALENCE RATIO AT MAXIMUM FLAME SPEED 16X•4.P e ) FSCX 283

ILJo, FORMAT ........ PIFSC__ 284

9 I 1MR0 16A.1IHSPECIES CONTRIBUTOR CODE NUMBER H FSCX 2811 1_..- 0... OF. CSNIIUORS.E MOLECULE OP FUEL I *SCX 286

101 FORMAT FSCX 287

9 4 INM 27X. JA,.AVA LPB. .... .. FSCX- 288
"1016 FORMAT FSCX 289
SI.. ,• O ,.|. 3 Q• A J ! . . O F _ _O - ...- _ N IU _. E R 1 4 . P I C A 2 90F S O

1 -. XI 2o0HISPLACED RUN NUMBER 14. FSCX 291
I I H0 IX,22PT NTROL 1NTE 4.PI FSCXA 292

3 22X.2AHCONTROL INTEGER CHECK 141 FSC 293

10 17 FORM A T . . .. . . _.. S CA .. 2 94

9 1I11, ZSX. 17HEEPERIMENTAL DATA I FSCX 291

._ 1.IO19 .F "MA T-.- ..-. .O FSCA 296

l imo0. 16x. I9HMIXTURE TEMPERATURE 3X. F6.1. 3X, THOEGM C. FSCX 297

14.PRESRE 1, F6.1', )A" 1HMM. MERCURY I !FSCA._.29
2 IND, 16XA : EMATONS OF OXYGEN TO COMPLETELY OXIDIZE ONE MOLECULE FSCX 299
. OF FUL_4A.P6,A / _....... FSCX. 300

4 INO. 61X, 31HMOLE FRACTION OXYGEN IN OXIDANT Dl. F7.4 / FPCA 301

......5 I1O, .16X, .23HVOLQME..PrE.R MOLf, OF FUEL. 3X, IPE E,.41ý3 .H% . FS4- .- 302

6M-MOLE ' FSCA 303
.. k._g .W•AJ FSCA .304

9 I 1N41 2X5|ISMDATA ACCEPTABLE ) F CX 300

,1010Q FORMAT I INS.. lSD .43GN!AITA~TIONS COMPLETED . . PICA ) 06
3000 FOIMATI 1"O. 2SXt. 4INAIA CARD ORDER INCORRECT - CARO NUREER FPCX 307

1 4, SAO ,.12 6IEL• U OBER .15 I ... . . .FSCX 305
END FSCA 509
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SUBROUTINE Expel -

EXPERIMNBITAL FLANE SPEED DATA REDUCTION

CEPOL Expel SUBROUTINE MOD 0 MARCH 1, 196i2 NRC-DAYTON ---- EXPDL I
C fXPDl 2
C NOMENCLATURE Expel 3

*c An CUMULATIVE CONE AREAI2PI xe

C... AIN) -____o AL. ACONE AREA ISQUARE CH. I. -________ Exp01 6
C 0151 CONE DIANETERT AT ABOVE ELEVATION ICN.1 Expel 7

C DAIRE- - - eSIE DIAMETER AT ABOVE *L-EYAILONlj..________ .XPEl
C ELS -INCREM4ENT SLANT HEIGHT ICM.) TIP D

.C-.ELA EEjC EkT ESRDI UN TS t EXPO
C ELCN , REPERENCE LENGTH MEASURED IN N.Expel It

C..... ENII 4 - MOLE FRACTION OF INHIBITOR tN ExpelU12
C HIRT ELEVATION ABOVE BURNER TOP ICM.E EXPOLr 13

C ICANT -OPTION CONTROL INTEGER CHECR Expel 15
_ ILRI - MEASURED EVAINAOEBRNER ToP Expel 16

C IPK TOTAL NUMBER OP CONE MEASUEMENTS1 EXPELS17
C- IPM NME OP EXPERIMVENTS kXPEl .LW
C IRK . -NGMBER OP DIAMETER MEASURBNENTS PERRUN EXPEL L9
C- . ODE._______ SIGNAL INTEGER FOE ACCEPTABLE DATA - -EXPEL 20
C NRUN - -RUN NUMBEi OF DATA GROUP" EXPEL 21

C 0 AND DIN) EQUI VALENCE RAT ID EXPEL 23
C _OFSIT - A TOMS OF OXYGEN TOCOMPLIET LY OXIDIZE ONE - -EXPDL - 24
C MOLECULE OF FUEL EXPEL 25
C 9FOINI - ktEL- PýLOVICCý./SEC .AT.-VEPO 112,6 VLkNRI -EXPEL 26
C AMINI - VOLUME FOE OF MIXTURE ICC./C AT ACUAL EXPEL 2T

C QDOIN) - OXIDANT FLOE I CC ISEC AT 0 DEEG. C. 760 MN. HSI EXPEL 29'
C........--SCALE FACTOR ICM./GNITS-OEP.&(AITC. -- ý - .. EXPEL -3D
C TEETH - ACTUAL DISTANCE BETWEEN TEETH TIPS SEEN ON EXPEL 31

_______ ~SqLIEREN PHOTOGRAPH IC._- ~EXPEL 32
C' U 'AND UIN) - FLAME SP E E I, CM.ISTCI . .EXPEL 33

C.&P.....o.. LJE fi2kR-f&kL.Ol~jEk - ICC./GRA*rNOLII AEPEL 34.
C VEN -VOLUME PER MO.1.1 OF MIXTURE ICC.GRAM-NLEI EXPDl 3S
C .- WF ___.. F.UI LOW IGEAN-MOLESi$tCd.... Expel 36
C WE - X OIDANT FLOW IGRAN-MOLES/SEC.I EXPEl 3?
C YOX ___ ___ -M__OLEFRACTION OXkYGEN INXDN ___ ____EPL_ 38
C EXPEL 3y

SYQTM EXFESI TRUM, ICTL, QFSR, YOX.VAUYklWJplj.JU.KODE. TEETH, Expol....40
I NEGHT 1 XE 41
.. CMHN.GN. t-o.EC-tC._.ALj.--...2-.J:3-.NIN,. MEG . - E____ IXOL 4

DIMT1ENSI ON INTILEE, DECILGI Expel 43
......DIMENSI N A..QQ..JJJQLAIE..HLO. .lqII qL..1JL.....____ XE 44

I aILEE , OPOIE .15 IEE EXOILSI 1015. UlLS) EXPEL 45
..........M..T A~tJ.I-AP ,. I... ________________EXPEL....46.

LX Expel 47

EU SEQ N.L,IPN EXPEL 49
10 CALL INPUT EXPEL so

NE X . NED EXPEL !iL
*.....FI.E.~.4.20 L 0 EXPEL__ 5
It NUNCOTI - IC - 4000 EXPEL 53

* FA- NUMCON -I.L .Ui.L.....-...- -- PO 5
CExpel 55

C AEASSIGNM4ENTS . EXPEL 56.
C RXPDL 5T

12ý ukNUN .1 n 5L.... EXPOL SB-
ICANT *INTILI Expel 59

EOI N I *DECIL R2E A

PHI INI B EC131 Expel 63
HPXA * L4I -EXPEL -64

ELCM 0 ECIS REXPEL 65
SE ..A DECCE 16EXPEDL___ 66
GO TO 1E EXPE 6T

.......4J.FJ.JRUNI - ilII200. 141. 200 .EXPEL AR8
141 LIMIT T O- NUNCON Expel AN

IF[ LIMIT - IRE I 142. 142, 140 EXPEL 75
L-t40j. LI.MI.T 2..JRI..... EXPEL -72.
142 M - 0 SEPES 73

GD.....LJ..3K - 110, LIMIT - EXEDL.......4
N-HAL EXPEL 7

14.AIKI *ECIMI - XEL I

544. IFIT EETVIS4.LE514 EXPEL 79

14 SF E RLCM /ELA Expel EL0
- . IPE.. AXX..t..________ E 1E.. E2

C EXPEL W3
TES.T. F.Og Ro .NRLAOL~~1.B SEntN.TS -REPl 1. W4

L9 020 R. I * ERR EXPEL B?
HIXE -tEEt.FOTLfjEL~. E .... Xpol _ BMa

20 DIRET DA(REASF Expel MV

-- . ________ _____________________________...EXPEL.--- 90
C CAlLCUiLA-TION5 OF PEAR HEIGHT IN CM. EXPEL 91

HIEFIPK HPKA * SF SEP0 D 93

S5 PK I REPEL 95

C& 6ENOE F FLAME FRONT DIMENSIONS REPEL 99?
c ---.-. .EPI q

C. TEST FOR MORE THAN TEN MEASUREMENTS ROpeS 99

IFIIPR-10I 24;24:21 ExpelLo10
21 DoL 23 KPLIRLE ... .. PK RExpel L02

IFIL-461230.230,231 REXPEL 10.3

...251.WRI.TEJJTXTPUT.-TAI' '. I5 EXPL I. .0
L-0 EXPEL Los

C..-- ... Expel LEA
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- SUBROUITINE EXPOI

:p EXPERIMENTAL FLARE SPEED DATA REOUCT ION

C._ PAIN.TOU1 FOR GROUZ.Cl-f t.N. MEASURMEMNTS-. gx___________jpo1 101
C KEFOI l0t

9 .IIHIK3.K. JPKI. JPK I 'KOD _I 1109
WRJjTE.Op~i'3ILJA!L..ILJ.Dk _____________________ XPOL_.kI1

IUAIKI.K- JPKII JFK I EXPOL 112
AR ITEOUTPUY. TAPE.L3,II9A,. ... ....... xXPOI 1153

9 114K) ,K- JFRI *Jft I EXPEL L14~R~UTU AP .1014. EXPol A113
9 10Ki *K- JPKI JFK I EXPDI 116

______ ~__________ EXPEL 11?
23 L-. LX 8 EXPDI £18

___...24 JRK .jPK-tI, _____. __________*...-EXPD1. 119
IFIL-48325.25,241 EXPOl £20

L-0 EXPOI 122

C PRINTOUT FOR LESS THAN TEN MEASUREMENTS fXPOI 124
___________ ___________________________EXPDI.... 125

25 WRITE OUTPUT TAPE 3, 10121, EXPOl 126
9 N . 1II8KI.I.KjPEI. JAR I__ EXPOI_12?....
WRITE OUTPUT TAPE 3. 1013. EXPOI L28

---- -- . . - DII._KLhJLJKL.4t -L- .L. EXPOI... 129
WRITE OUTPUT TAPE 3, 1014, EXPDI 130

9____..--- .... j.j.&L.*A~j~IAL.1M_ I XPOL....131
WRITE OUTPUT TAPE 3. 1015, EXPEL L32

9EK K PE F EXPOI-__133-
WRITE OUEPUT TAPE 3, 10151, EXPOI 134

L.L~AEXPOI._ 137

C RUN NUMBER CONSISTENCY CHECK EXPOI..083
C E~~XPDk.....139.

IF INRUN -NEUNTI 30,31,30 E:0PDl 140
_30. KOOK. A-... E. _- 4....0O .14

IRUNT - NEUNT E XPOl £ 42
............ fl SEPOEXPDI .. 143
CEXPEL 144

enJ~d~l FRTGE CHECK EXPOI--145,
C ESTEE 146

-__3 .._.JF.. I ICT.L -ICANET 0.1.. 0.XPI.... 14TPD
C EXPDI 1481

.C .......C ALCUJ.AJ I QN_..OL.O4AIDATALAI.!L _EX...EPD 1 49

C.3..K.IJOWI2 EXPOE......11.
AT - OFOINI/WEFO EXPDL 152

QMIN) 1 (AP + AOL jVJflNJI&.0-.MI.NI EXPOl 1I3
C EXPOE 154

C CALCULATION OF EQUM.VALEPICE-AII....... EXPOl 155
C EXPOL 156

-Ott AWAFSLZ _E XP 7..S
IRK *IPK-l EXP:0011

.C EX~ .__________________ ~E 154
C .. CALCULATION OF jO.NE._AR4A. . . .--- ___________ _ -- I .EXPol 160
C EXPEL £61

A---R-..09. EXPOl 162
00 40 K-1, IRK (III-Eh*1i.0.2 XPDl £63

. _CtII,.$.QWR1 TFJllE± j1 = tiI1ii**2 + 11(EKI110.2 fXPD1l 164
40 AR - AR - IE 0 1, E*1+'OLS -EXPIP __ 165

....IND J,~Q79.AKEXTOL 166
C EXPEL _167

.....CALCI1LTINO FLM SPEED EXPEL 160
CEXPDl 169

... U1 NI I.MDI.NILALIN IEXpOl ITO
100 CONTINUE EXPOL 171

-IF ILX.f& -5631. A~LDI01..________________________ EOPO~i 17.L2
102 WRITE OUTPUT TAPE 3, 1018 EXP l -173

C . LPOI 175
1. PR .JQI. F FLAMEEPEE EXPEE....-.176
C EXTOl 177

.. LkA1wRJA4DUTF, TAP 3. £0_16_ EXPOILT£8
00 110 M.IIFN XPEL 179
lD ATEOPU TAPE 3. 107OfOE?1_IO

9 ,N, QOPON), QXO(NI. FNIINI, GMIMI. AIMI,. UINiI DNI ExpEL £8t
= IR__......... EXPDE..... 182

120 RETURN . X6 8
-UNACCEPTABLE CARD ORDER EXPOI 184

DIAGNOSTICEPl £8
C ~EXPDl....JA

200 NEX *2 EXToL 187o
....1........._m I-TEOUtILAL~.3lQJ.£L EXTl .1. 88

KOOKE EXPDl 189
_______ ________________EXPOt - 190

C_ KEPOI 191

C EXP~l 193
1o030FORxR8T.... ________ ________________ EPO.'. I 1 949IIHO, £00, 22HFLAME FRONT DIMENSIONMS INDH, AH SET. 3 EXTol 195
lDEZI-.F.ORMAT. 20_ERIAIN IEAUEI.1 09.XPDl ....19.

9 (IHO, 14.2, RtSAINIESR).X 091EXPEL 197
.InI)P~nATEXTE LI 98-

9 &1" 61 1X, 9NDIAMETER IMEASUREDI, 4X, EDT 9.3 1 EXPOI 199
J.014.FOEMAT...________ -.X.EED -2000

9 II H . X, I4HHEIGHT (CM.1 9X, lOP 9.8 3 2X~ 01
loll. FO.ERMAT ____________EXPEL 202

9 IH 61, I4M01AMITER 1CM.) , 9X, EDT 9.5 3.P EXPol 203

9 lEA 1 8 2HSCALE FACTOR 3T, F £0.5 1 :1EPl 0
1016 FORMAT EXPOl , 206

9 MU lEA,41 ET, iX, 9HFUEL* fLOA , 4X, 02I4O)I fN iLOW soI, EX6 2UT
I 13HMOLE FRACTION , X, IIENYOLUME_ LOW, , 7A, 9HCOM0AW ýA........ EXPDE 208

2 il .0 EIHFLAME SPEED S X, IINEORIIVALENCE I XPEL 209
.3 IN Al EXTol._ 210
4 80 9NICC.SIC), oX, 9HIXO. 58.3 & X. 9WICM.IeAcl , XPDI 211

5 90A SHRATID I...........................EXTOL 212
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SUBROUTINE EXPOL

EXPERIt14NIAL FLARE SPIED DATA REOUCTION

tOrT7 FORMA T •|PI Z

9 (IN . 14. AlXFlO.S10. FlO.S. X.FlO.S 6it.F1O63.iEiF III-5.6X.F O1 EXPDI 2t4

... 6X, F k:!1. . ._ EXODL_ _21

1018 FORMAT EXSOI 216

. (tll) .X-1 --- 217

1020 FORMAr I IOf 218

9 I, Oo_,p__OJJI+tSIONL..JLIO .0 .. JL .L .... IP00.ol -- 219

3600 FORMATI ri8O, 254. 4IND&AA CARD ORDER INCORRECT - CARD NUMOER ExpOI 220

I....... _4. SX. 12HRUM NUMBER I1 1 11.F01 222

Sf12O ES5OI 222
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SUBROUTINE EXPO3

EXPERIMENTAL PLANE SPEED DATA RED.UCTION

CEXP03 EXPO3 SUBROUTIN4E MCDI SEPT 0, 1962 MACk DAYTON .. 1193 I
C. .. I.- .- - - - I -EXPO) _ 2
C NOMENCLATURE EXPO3 S

C Aft CUWIULATIVE COVNE AREA -2/01 EXP03 6
NI...... -- TOA MOJLARE..JiQ,.flL....

C OIK) -CONE DIAMETER AT ABOVE ELEVATI ON 1CM.) SEP03 7

C TELS -INCREMENT SLANT HEIGHT ICM.1 fXP03 9
A BfEPfIBJlCELEN~GTH. MEAS)Jý.QR NUNTS 9F pA(K) EP3 A

C LM-REFERENCE LE NGTH MEASURED INC.1 11903 05

... c. fhII..jN LIA.I MUG -L1NMI I.TOR.LNZVtk*UR.L - EXPO3 __1
C 141K) ELEVATION ABOVE BURNER TOP (CM.) EGPO3 13

H- PKA. . ... ME&SUREO PAK-HE-IGHT EXP03_-._14
I CANT -OPTION CONTROL INTEGER CHECK EX0 14

C, ~ Il M EA RqAJk.L~EVAhY!Y.B~ TOP 10903 I A
C I9K -TOTAL NUMBER OF CONE MEASUREMENTS exPO3 17

-UMXFRPEIC-TS - --PO IG

C IRK NUMBER OF DIAMETER MEASUREMENTS PER RUN E0903 19
S -. JjPK, JPK1. N, K. C99MUNTI INTEGERSý- __.- 1X903 -20
C RODE -SIGNAL INTEGEA FDR ACCEPTABLE DATA EXPO3 21
C NRU~N RUN NME...OF- 4.AGRQU A.PD3....22..
C NAUNT -RUN NUMBER CHECK E1PD3 23

..c........ AND 0I~ 14- XO UIVALENCE RATlft... -._____________EXP03,.-. 24
C I OFS - ATOMS OF OXYGEN TO COMPLETELY OXIDIZE ONE EXP03 25

c - NIQLU10im~s At E. - 1193. --...26

C DOPONI FURL FLOW ICC./SEC AT VEFO MOI.AL VOLUME) E0903 27

- VLUMfL~~FI.&UJ1.1CC.J1EC At ACTUAL E0903 lB.:2.
C TEMPERATURE ANT PRESSURE) 01903 29

-r..... - XQOI NLI .........ORI DART FLOWN..i.C./SEC.-ArV....OEG- C. AD M. MCbi - EXPO3 _...30
C SF -SCALE FACTOR ICM./UNITS OF DAIE)) EXPO3 31

-C -EEF(A--Vk-QI AE IE I WTARN.t.EE-tH.Jf.EISJSEENm.........% .. -EXP03 _32
C SCHLIEREN PHOTOGRAPH ICM.I 10903 33

- AJ DIN) - 1LAHLME..SEQE.0If .AE3CI. g 0903 34
C VOFO -VOLUME PEE MOLE OF FUEL ICC./GRAM-MOLEI 10903 30
C - .9M ... .....ý.OI.UEE P eR.MOLEI OF MI XTURE_. ICC.IGRA3IMLE.. ..... EP3 .

C WF -FUEL FLOW IOHAM_1ROLESISEC.I EX903 37

-:-.X FA.OTL.bL-E.JG.HAM7MOLEji/.Sjr,. 1 _______ _ -.FXP03 -_.36

C TO0 MOLE FRACTION OXYGEN IN Ol-IDENT EXP03 39

SUBROUTINE EXPO3INAUN,ICTL.DFSRTOG.VBFO.VBEM.IPN.O,U.EODE..TEETH. E1X903 4 1

COMMON INT, DEC. IC. J11, J23. J3, NIN. MEG EXP03 43

DIMENSION AUG01I. 01100). DAIIOGI, 1411001. 11101 MIIOOI AISI EX903 45

BRITE OUTPUT TAPE 3. 1010 EXP03 47

EODEO; 3 11903 49
DO 10 EXP94 -. ___________ 103 - 0

10 CALL INPUT E0903 st

IF) MEG 41 200. 11. 200 EXP03 53

11 MUMCON f.4000. . . .- .. F.XP03. 04
191 NUMCON I 13. 12. 13 EXPO) 55

E1903_56
C ADASSIANMENTS EXP03 57

.C- EXP____ 003 58I

12 NAUN I JL211 EXX903 59
ICANT *.INTII ______________EIO 03 60
IREK INT12 EPO 6

OGOIN) - DEC12) RIPOD3 63

.- FMI.INI.. DEC13I EXP______________ 103 AN
* HPKA *DEC14) EX903. 65

- ELCM . DEC 11 .f 5____________ ----. 11903 66
EL A - EIA A:03 67

GO- TO 10 01903) E AMk 6
13 191 NEUNT - JIL) 200. 141. 200 01903 69

....4LMIT.. JO.J4"VCON - EXP03--_0
IG LIMIT - N E1903 71
I)LIMIT 7_IRK 1 142. 142. 140 EXPD03 7-?2

140 LIMIT' - IRK EXP03 73

TO 143 E IG1O. LIMIT 10903 Is

-M 0M -. - .EP3- - 01076
114111 INTIMI FX903 77

J--4.30-AK1K !, -DEC4!)____________________________ 10903- 78 T
IFI LIMIT - IRK I 10. 144. 10 EXPOJ 79

.dN NRI'N * N -1 EX903--E8G
IPITEEOHI 14,11.14 . ~~ 1003 t

14 SF *ELCM fELA 119 03 I3
---- -- -2K .1.-IK ± k- AXP_______-______________ ___ 003 -- 04

C 10903 as
Y.......E..QKMAEB THAN ONE HNIDRED MOASURIMINTE E0903L BA6

CE XP03 MT
IFI PKýIODI19.1.30 -..-... EXPD3 - A

ti90020K- I E I"K0103 E9
:- _ MI) ... ET4FEATf.X.JPI_____ _______________193 -AUN

20 DIE) DA OAKI.SF EXP03 NL

C CALCULATION OP PEAK HEIGHT IN CM. 11903 93
C .. . .... ______________________193 94

141191) * HPKA * -SF- 10903 95

SDIPEI -F-0.0........ -EX:_________~.. 003 NA
JPR1 - I E 1093

C PRINTOUT 0F FLAME FRONT 01IMRNSIONS 6,0 1 V99
C . Ei ____________ .. 193 100
C TETFOR MORE THAN TEN MEASUREMENTS EXP03 101

_____________ ESPOS 102
C. IP)1K-10) 24.i4.1 - . 1093 103
2L-010Z3-4f~sIt*.PK IOa .ESPOl -,104

IFIL-461230,2 '0;23' E0pol Los
.2T1 WRITE OUTPUT IAPE l.).S"Q20 EXP..__ _ _ _ _ . . 003 IbA
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-- SUBROUTINE SEP03

ICONTINUIO)

EXPERIMENTAL FLAME SPEED DATA REDUCTIN

L-0O 9XP03 107
c SEXP3 108

.............PI TI FOR GROUPS OF TEN EASRk"WMET.- ______________EXPD3 1--09
C EXP03 110

_ 2.10 WRITS OUTPUT TAPE 3,-j~jko. - EXPO3 1l1
9 IRUN, IIH(KI. 9- JPKI. JPK I SIIPOi 112
WRITE OUTPUT TAPE 3-.J..0JJ - - - - -

~.. ~ _ __ .EXP03 1li
9 IOAIKI.E. JPSE, JPE I SEP03 114

______WfkaE..JALTtUT TAPE 3. 1014. SEXP03 115

9 (IKII S. .1P5, .IPS I exP03 116
WRITE. OUTP-UT TA7 3.05 SEP03 117
9 104K1. K- JPK1, JPE I ,SEP03 IIB
JOKI *JPR + I - - - - -EXP03 119

23 L- I.* B EP03 120
24 354 "EP03__ 121

241 S!OIES OUTPUT TAPE 3. 1020 SEP 03 122
L- IE_________ _SEXP03 123

C_.. - PRINTOUT -f-DI. Ia-1THAN TN MESRENENTS__ PO 125

C EXP0I3 126

.....I.IAT UTU APE .102 SEP03-__127.
9 ..UN, 'KA!4A, Hf..E, K. JPKI, IRE 1 SEXP03 120

WRITS OUIPUT TAPE-i..L9..3........---
9 IEAtKI, K- JFKE, IRK I SEPX0 ,3 1 30

WilSOT.T TAPE )-, 1014,- - E P - .______________ SP3 __131
IH14K51, K, J PKI, IFE I SEXP03 .L32

WRITE OUTPUT TA PE ).J1I. SsEXP03 -133-
9 1015K1. K- JFKI, IPE I SEP0F3 L34

wit SI TLOQUT..Uj.TTAPE~i..L., ___________-SEXP03..- 135
9 ELCM, ELA SEP03 138

LC SEXP03 13W
cHC SE P0D3 1 36

C SEP03 140
IF I IREft-- NRUNI I .30.3.1,30 .........O .....SEXO3 141

30 K005 I SEP0ýD3 142

-IRUNT HANUNT -...... .. ~._______ ____ _SEXP03 _ 143
Go 1 0 100 EXP03 1 44

SEXP 03 145
C CONTROL INTEGER CHECK SEXP0D3 148
C - .. .~- ... EXP03 147

31 IF fICTL 1 CNT 303.30 SEP03 145
C...- -- EXP03 -149

C C ALCULAIOf N- OF OUiOAN-T AND FUEL PLOW SEXP03 150

35 SE : 000IN:/22414.E SEXP03 1352
WF *0ON/VOPG IX----- ..... SP33 1533

SII*IS * A. *X VOM /11.0 PLREMINII EXPOS 154
C . . ... ___ ... SEP03 153
C CALCULATION OP SAUl VALENCE ATIO& SEXP03 156

TINI* AFOFS/12..WENVOE SE I SOB
C x .. .. - E0 159

C CALCULATION OF CONS AREA -. - .. SP0L,3 1.50
C SEP03 161

00 40 K " 1 X IR EP03 L63
- DE LS.5.FI M I m-QKIJ2O.2 SEXP03 .164
40 AR AR . 10IK151!t* OIfK*+1)I*ELS S~E03 165

AINI * 1.5TO796.AE EX .___- - - ---. .SP3 166
C SEP03 167
C - CALCULAT -N OF FLAME SPEED SEP03 1'68
C SEP03 16"

- .UI -GNIAI)I 
E. X__-__ SEP3- _ EE

100o CONTIINUE SEP03 111
IFIL*IIPH -561 101,1~.0.,12. . . - SEP03-_ 172

102 WtI)TE OUTPUT TAPS 3. 1018 EXP03 173
k____- SEXP03 174

C SExP03 175

f ANO.O.L!E - SEXP03 _ 7
SEP03 I??

* 101.SITIEOU P.UT.IFi..MA SEP03ý IT
00 110 N!1IP 6EXP3 179

IRONE -P NW- NSE03 .. 1O
110 WklTS OUIP"UT TAPS 3. 1011. SEP03 181

9 1 RLN,SQFjDLNkk....BEPIN~h.I.J NJIA DMM.AWI II IN) ...... EOPO3 .18
NEUNT - IRUNT ;x EXP3 383

....10RETURN. --. EXP03 -184
CEXP03 155
-UNACCEPTABLE CARD ORDER SEP03 _[86
C SP03 1A?

-- 200 NEE X 2... -- _____________ EP03.- 1889
WRITE OUTPUT TAPS 3, 3000. IC,.81 SEP0 .3 ,S

-ROXDE * ________ EP03 L90

00 TO12E SEP03 191
_______________________________________________________EXP03 192

C FORMAT STATEMENTS SEP0,3 193
c. . . . . ---.- EP3*94

1010 FORMAT SEP0i 1 95
9 111MU* M0,-21HIPLAMEiAi...MAil5jW..4iP 1 SE0 '_196

1012 FORMAT SEP03 193

INHEA HIT MSUSUMTIP2ISExP03 198

10121 FORM"AT - ___________ EXP03 .200
9 11IHO, X4 24X93ATO KSSEDW, '1191 SEXP03 201

1013 FORMA(--- _____________ E03 302

9 11" 5 I9WOI-A-miESI IMEASURED). 4X. IO0 9.3 1 E0 20 3

9 1114 * 6X, 14HMEI6WT ICM.I * 9, lOP 9.5 1 SEP 03 205
1015 FOR MAT -_ _ _ .__ ESFOS 206

9 lt" , 60, 14NDIAMEIER (CH.) , 9, IOP C9.S I SEP03, 207
10151 FORMAT ..~ ~ E03 208

9 11 , E, OWATUAL LENG'TH7OP ASPEIRINC 3X;F10.S.3i.,54M E0 0
-. . - ETSX 5PI13....JSO

116 mi FRlSEXP03 2S1
9 11IN0, 4W RUN, 1.A, 9WPUEL PLOW , WE, 12NOXIDAMT PLQIL.. 199 - EIP03 Z22



SUBROUTINE EXPO3
ICOOOTIWUIDJ

EXPERIMENTAL FLAME SPEED DATA REDUCTION

I 13NNOLE1 FRACTION , SX. IIHAOLUME.FLOII , 7X, 9NKQ~I~pRjj._. EXIP03 211
2 SX. 11HFPLARN SPEED . SX. LIIHEOUIVALENCE / EAPO) 214

5; 91 .... 04W.. L .SO 217
101? FOR14AT - XPO 21is

9 (IN s 219
1 AX.FL0.SI EXPOS 220

-.JKW. DOW AT IXPD3___21
v (11411 D3PO 222

-..QZ0 FORMAT---. EXP03 223
9 (1141. 10A. 22ZNFLANN FRONT DIMNSIISONS /1140 . 4H RUN 1 EXPO3 224

3000 P0114*71 .1HU, 2SX,.ý 4tl.mDAVACARD ORDEIR. INC0RRICLI._ ;GMDJWAff.t . LEP03 22S
1 14, SK, 12HIAIM NURSER Is 1 EXP03 326

- ND EXPO3_227.
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SUBROUTINE MAIN

-MARIMUMN PLANE SPEED DETERMINATION

CHAIN SUBROUTINE MAIN FOE ROUTINE lOIN PEE 28 1942 -NEC - ATNMAIN I
C .... ... MAIN *
C NOMENCLATURE MAIN 3

CAGAIR) COEFFICIENTS OF FITTED EQUATION MAIN 6
_____ ETOFQADAI SUR ROOT M. _____ AINM

C 6 3J,KI SUNM OF SQUARES AND CROSS PRODUCTS OP THE NAMAXM I
C .- JIJME MATRIX - ~ MAXN 8
C 1PM NUNBER OF: DATA POINTS MA IN~J ~ ____________ MAXN-_lO

C '9 - SIGNAL fL-AG FOR SE-U-EN-CE OF CA-LCUL-A7t- M-1AIM 11
K..'ODE, .- ----- =S],GNAL IN4TEGER FOR ACCEPTABLE DATA H____ . AAN 1 2

C MlAXN -SWITCH TO BYPASS MAIN SUBROUTINE MAIN 13
C (.. ANY' NON-ZERO VALUE BYPASSES SUMAOUTI.BGEI MAIN LN
C NCF -NUMBER OF COEFFICIENTS MAXIM Is

-ý -1- SulAL~TT49f-Lk(Arl ____________ MAIN __ 18
C Oi" LARGEST EQUIVALENCE RATID IN SET MAXN - 17

- -- .IN. . JUVALENCE RATIO AT INf.49CTI.ON POINT OPCUICi
C CURVE MAIM 19
C ..- L -SMALLEST EQUI VALENCE RATIO IN SET MAIN 20

C DM1 - QUIVALENCE RATIO AT MAXiMUMN FLAME VALOCITV f MAIN 21~ ......5jOS - NAOIN~jkQJ,&AVLE-S!#fQA ROAMA!1AjNfy.AN 2
C U CURVE FDA ADDITION TO TAPE, M0AIM 23
C-, SU _ _ -SUM OF THE SQUARIES OF THE jDE¶LL_ jfl!U5$ _____ MAXA. 24
C MINI FLANE SPEED ICM./SEC) MAIN 2!,

________). _ -DEVIAYTION BETWEEN MEASURED AýNk 92D~1L ___ MAIM 26

C FLAME SPIED ICN./SECI MAIM 27
c- UOPINI PERC ENT DEKW~J9J1VETWEN-M3XURED AND MAIN 2?
C PREDICTED FLAME SPEED MAIM 29

-C. UMI .- AIMUM FLAME SPEED IC..EI....... ........ MAIM 30
C UP(NI PREDICTED FLAME SPEED ICM./SEC) M4AIM 31

C . STS -_ -STANDIAD DEVIATION OF FLAME SPE.kp ICN.t$ICJ MAIM 32

C USTOC - FLAME SPEEO AT STOICHIMETRIC CONDITIONS MAIM 33
ICMI$E~ _______________MAIN 34

C IINE - INDEPENDENT VAR IABLES MAIM 35,
-SIRNOIUT.XNE. M4AXM(-,IPN. 0Q. U. ONMM.. UNI. USTOC. EOOE...STDS----.. - MAIN 36

ISIPI. NAXON, NRUN I MAIM 37
SCOMMON INT-...Eý,I,JC I,- .12,. JS,, NIN M. E)L.. ...... MAIM� 38

DIMENSION INTIEII, DECILDI MAIM 39
J3J,~kM.$IOMI AIO.IOEIDIDI.,Uf lotUOID(IgLPUDIJPl 0 1iEO.111to, I MAXM_40

IIMAIN 41
.... KODE O..-. . ___ 0~. .. MAI M .42

IPIMAXONI $UD. 20. 100 MA IM 43
.....0..AITE OUE..T.!EJ..EQ...............MAIM 44

IF (1PM 21 500,500.25 MAIM 4!,
..ZL.L..... 9l MAIM -48

ON D L MAIM 47
D0 30 NM1,IPN.- . .MAXM 48
OL - MINIFIOL,OINII MAXIM 49

C R MAIM 50

C MAIN 53
I I N..S. 1. 0 . - . .____________..MAXM. 5 4
XIN,2) DIN) MAIM DO

XIM.41 OINI..3 MAIM 57
--- QX N,.L. .I. .. ____________________________ MAIN SB
C MAIM 09

TEST F-OA-!ORET.AEI*..I P.OINTS -K.AXM--O6
C , MAIM 81

*............J.JJ1L..4IIjO 4000MAIM 42.
C MAIM 83
f .AIT. EjtpjJJJ.O2DIf1tihF.uCNt~NIUf... _ MAIM_ 8.4
C MANIM 85

-C SOLUTI1ON OPFOTQATO&.LP.IRJEKXi _____________ AIM_--. 866
C MAIM 87

........ L.ALLC-rRDUT (4.X.Al . MAIM bE.
C MAXIM 49IC. -.J.EJ-T...OB UNSUCCESSlFUL 1OLUTN _MAIM-TO
C MAIM 7L

-. .. J.L5E M...JOI34A.1D............MAIM -72:
C MAIM 73

J...AIJOIOF UNSUCCESSFUL FIT MAIM 714-
CMAIM4 75

....,k1..WRITE OUTP.UT.-JAPI...3..WO.Q. MAIXM -... 76
WRITE OUTPUT TAPE 3, t0ll. MAIM 77
9 . _____AI.L..LPLtj-q .RTJ.9!!1,41 -MAIM_-- 78
DO-i TO200 MAIM TV

c MAIM -80-
C ATTEMPT TO FIT FOUR DR MORE DATA POINTS TO A POUR CONSTANT MAIM At

C MAIM 13
_________ __________________ MAIN _ N

DO 40 E.Ila M4AXM as
rI , MAIM Nb

DO 60 M-.EIPN MAIM NT

C GENERA-TION OP FOUR RGRESSION4 EBUiATIONS MAIM NV1
C... . MAIM_ 90

40 IJ.I *OIJEI .XIIIIM.I -MAIN 91.

C SOLUTION UP FOUR REGRESSION EQUATIONS IN FOUR UINMRMWNS MAIN 93
C-~- MAIN., 94

CAL RUT1.GA MAIN 9S
S....J I ENSE- LII;HT-11-LA....2I.. --.MAXM .. 96

C MAIM 97
Os **CCESSXu, P.

C MAXIM 99
61 WRITE OUTPUT TAPE 3-1010-- ... AN 10

WRITE OUTPUT TAPE 3, 1011. MAIM LIE
9 I GILLI3.IE1,I. - . AIM 102

Go To 200 MAIN Atli

C OPENATIUMS UM POUR OR MORE DATA POINTS MAM D
C M.. . . . . . . .. AIN to:

5)4



SUBROUTINE MARM

MAXZIMUM PLANE SPEUD DETERMINATION

T0 NcF *4- - - -.--____MAX*I 107
R9 I MAIM t08

JP.I.AIYjOEHECK ?1. 71 MAIM_ 109
It UHI 0.0 MAAR I10

OINF -AI39113.0.AI411 MAIM 112
IF DIVIPIE jCHC~jjQ 7S__________ __ MA~mIM..1

711 RI 2 MAXM 114
ARC L .01 - 3.D.12.AI2JAI4JAISI*.. MAIM__ItM
IF DIVIDE CHECK 310. 00 MAIM 118

S- MAIM 11?

C TEST FOR SQUARE ROOT OF NEGATIVE NUMBER -. MAIM Its

80O IF (61111 N1.108AAM 1211
-- J 3 MAXIM 121

C ASM 122
C..QITL~T.ITLO~myAIIL~&X AT YL.AAIMUM PLANESPEPED MAIM __ 123

CMAIM 124

C MAIM 126
TOI V E It r.UUIVALENCE RATIO AT MAXIMUM PLANE SP! 3 ITI MAXM -1 27.

C DATA RANGE MAAIM 12
C . . _________________ _.. MAXM.._129

IF IOWA - OH) 90.90,300 MAIM 130
...... LJ!O I MAIM__- 131

95 K9 - 4 MAIM 132
QMN IM *3.0 - SIGNFRIORTFIAAOI.Ati3II MAXM...133.

7C MAIM 134
_C_ - .TEST .F.k-LRNj~lU"_aNT JEDAIAlAIA&L - M4AXM 1311

CMAIM 128

100 IFIOI. - OMINI 300.110,110 MAIM 13I
.I1A.KJ. I MAIM_ 139

GO TO 300 MAIM 14U

C __________________ .......MAIM 141

C RHO OF-OPERATION ON CUIC FIT MAIM 142

C .. . . ______________~~.MAIM 143
c ATTEMPT TO FITf THREE DATA POINTS TO A THREE CONSTANT IOUATIO MAIM 144

1000 160 N*1.IN MAIM 146
180 II.4 . .NUTI..___ MAIM -147

CALL. CROUT (13,X.Al MAIM 148
t Il SENSE L11101_3_1 ._____ 1_____1____ 2..W MAIM 14 9

C MAIM4 I50

C MAIM 152
161 WRITE OUTPUT - MAIN 1A3

WRITE OUTPUT TAPE 3. 1013, . . AIM 1514

GO0 To OO111 MAIM 1118
.~..__________________________________ MAIM _L5

C ATTiMfY To I-T FOUR Olt MONE DATA POINTS TO A THREE CONSITANT MAX I 1, a
C .OUATIA 1 0 - -- ---.- ...- MAIM 019

C .__________ MAIM 160
200 00 210 N.1.Ip 1PMAIM4 161

_____________________________________AIM_ 162
00 220 J-1.. _MAIM" 163

610K 2(-;0.0; M1AIM 15
-.- OO21..,I.P"______________ _______________ _AM 166

C MAIM 167
C 51MILRMLCLII OF THREE REGAESSIONt EQUATIONS .MAIM _168
C MAAM 169

C MAIM 171
C..SOLUTION OF ThEEEIIIO4.ILR11IKQSMAIN__ 172
C MAIM 173

I .06 MAIM_ 174
C MAIM 1711
.C.JEI.FR!.T .A1SllIIW. .O MAIM.- 176

C MAIM_ 178

C MAIM' 179
c PRINTOUT OF LFSUCCESSFUL FIT M4AIM 100b
C MAAIM Li
-22L WRITE OUTPUT,_APE,.I-joU.,__ . MAIM -182

WRITE OUTPUT TAPE 3. 1013. MAAIM M3
9 1J_(tL~KAk7Jý kAdlIx . _MAIM__ 844

Go To Soo MAAIM i8
c MAIM _186_
C OPERATIONS ON THREE ORt MORE DATA POINTS MAIM4 1:7

25-NFA MAIM 169
--- .19 * -~ i *__ _ '_-_'__________________ MAIM" 190

834 * .0MAIM 191
1114 MAIM 192

OHI * .0 MAIAM 1 93
IF 1.:1.0.1- Z40.3 1.Q.3LQ ......- _______________ MAIAM 194

240 19 - 6 MAAM 195

C. DETERMINATION OF EQUIVALENCE RATIO AT MAXIMUM FLAME SPEED MAM AN y

DM0 - -AI21/Il.O.AI311 AI 199
C M,. 11TO*~FLM P TIN -MAIM 2100
C IF EQIVLEC RATI-OATMAXIIMUM MLN PE SMTI - :AIM 20 1
C___ -- DATA RANQL........ . M"AIM -2112

C MA AM 203

20 IF (IL - ONII 260,260.300 MAI 2011
C 14 - AIM 206
C END OF OPEKAT1iO OiN PARABOLIC FIT MAIM 201
C N~..____. AAM 2114
C OPieiATION ON OATA AFTER IUCCEISUi.FtkIT MAIM 209

--. _____________ _____________ __ MAIM. 210
260 X9 - I MAIAM 211

C HA . ~ . . AIM 122
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SUBROUTINE ' MA- -- ..

M4AXIMUM FLAME SPEED DETERMINATION

C CALCULAJIOR OF MAXIMUM PLAME SPE ED MAXM 21t3
CMAIM 21 .

9ONXI.A121 + 091-JAA + 0!XIAI4111 MAIM _215
c -MAIM 216
C- CAL.CVULAJTLQ.NP-FýJFLMf-SIEDAT AN Kqk1IVALjM9N TJE l MAM 1

C 310 USTOC -AlI) A.1.. AZA(3L~ *AI'41- . MAXM 218

sum - i.0 MAIM 220
... O.1L.T. 11 P ___________________MAXIM 221

Up IN) *All) *OI)N.(AI21 + OIN.I.A131 + Oi).1 11 MAIM 222

-- . ._____________ AM 2221
C COMPARIfSOiN OP PR~l-ED6ICTED MS. MEASURED EQUliVAEC6FrRATIOS -MAI~m- 224
C .. -.-- - - - _________MAIM -22S

UDINI - U1(N) - UP(N) MAIM 226
_______________________________________________________MAIM_ 227

C CALCULATION OP EKE PERCENT ERROR OF THE DEVIATION M4AXM 22b
__________________MAIM _229

UOPINI - 100.O.UD(NI/UPIN) MAIM 230
C-,- _____________MAIM.__ 231

C SUMMATION OP THE SQUARE OF THE DEVIATIONS MAIM1 232
____________________________________________________MAIM 233

320 SUM,- SUM - UOINI..2 MAIM 234

- IF 1PN - MCPF) 310 33000--.... .. ~____________ MAIM 235
330 U ST. . 0 .0 MAIM 236.

C.......GO T0 350.. MAIM 237
CMAIM 236

L.........SIJI.&E)OF STANDARD6 DEVIATO OPLPAME SEMED MAIM 239
C SOTISMAIM 240

* .)40USTD A -QT~.UM/POJJI CL--...MAlK 24L
350 WRITE OUTPUT TAPE 3, 10)14 MARK 242

.WRITE OUTPUT -JAPE 3,0~ ......- MAIM 243
WRITE OUTPUT TAPE 3. 1016. . MAIM 244

SL I...JJ.I. .. )UITDGMXUmi MAIM24
1PIIEMPO - " I31,2.1 MAIM 246

351 . .ITE OUTP TA PE 3.-AOIlT1.. ... .... MAIM _ 24f
5033 N;.1, 1PM MAIM 248

..UN * EN N V1 - - - _____________ MAIM 249
354 WAITE OUTPUT TAPE 3.,~l MAIM 250~ IJIMI UDNI.UOPIN) MAXM__2SI

GO TO 353 MAIM1. 222
352 WRITE OIPTJF3J1____ 

.MAIM _23)00 3321 N 1 , 1PM MAIM 254
3321 6K1I11 OUTPUT_'APEI...R - - - - -MAIM 235

9 *N 0NI. 1(M), UPINI. UDIMI, UDPINI MAIM 256

MAIM 256
- ERROR PRINT - CUBIC. .FIT.-OF CURVE UNISATI.SFACIGRY .. MAIM 239

MAIM 260
360 WRITE OUTPUT TAPE 3,1.1019- H. AIM 261

GO TO (361,362,363,364), EM MAIM 262
- MAIM -263

D IAGNOSTIC - PARABOLIC PIT IN7iCTED.A3 SMALL OR 'IEPO MAIM 264
-P AIM 263

361 WRITE OUTPUT TAPE ý3. %02Q- - MAIM. 266
60 TO 200 MAIM 261

________________ ___________________________MAIM 266
C ERREK PRIME - NO MAXIMUM MAIM 269

.C---.---.. . .. . . MAIM--270
3i62 6111I - 61 OUPUT -TAPE 3, 1021 MAIM 271

(10 GO0o Zoo ____________________MAIM_272
CMAIM 273

C- ERRIR PAINT - MAXIMUM OUTSIDE DATA RANOE MAIM 274
C MA~iM 273

--)63- REITE Iu P AWP.2J2.... . - -_____ _-_____ MAIM _ 276

SOT 0 MAIM .276
C ERROR PRINT -MNMMPITIDAARNEMAIM 27 9

_______________________________________________MAXM__ 263
364 WRITE OUTPUT TAPE 3, 1023 MAIM 261

3 TO IF tEM - TI 371,380,300 A MAIM 283
-- '--__ -___-.---_________________ MAIM.___21'.

C ERROR PRIN-T - PARABOLIC PIT OP CURVE UNSATISPACTORV MAIM 263

C MAIM 286
3T1 WRITE OUTPUT TAPE 3. 1024 MAIM 281

-IF (19 1 3T2,3V.I.5Q................ MAXIM -286
372 AITE9.O1U1PT TAPE 3. 1021 MAXM 26V

.1!U TO_,DqP--______________- MAIM_- 290
3fi3 RITE OUTPUT TAPE 3. 1022 MAIM 291

Via >QqMAIM__292'380 IF (STU1S1 361.381.382 . MAIM 293
_3 .81.50 STD 1O.......-- . ________________MAXM~ 294

C M4AIM 295
.C..- - TEST. TO.-SEE RIPSAQM.DYAIO.J'ILPCPB ANGE -- MAIM 296
C MAIM 297

.J1JY.JUIII~.SID AII.4o0.loa -- MAIM 298
C MAIM 219P
C ERROR PRINT - r-STANDARD..DIV.1T.10N. TOO.EII -1110111_______~ MAIM .300
-C MAIM 301

3M3 WRITE OUT.PUt-j.AP.E...3.A...J.ZI...-- -- ____________ _ M:AXIM. 3002
9 STUD MAI 303

SoMAXM-...304
400 RODE *3MI 303
300 REUR...-. .- MAXM.0

C MAIM 307
C PORMA.T.-STATtMjRMIS . - -.. _____________ . MAIM 206
C MAIM 309
.1001. 1ORMAT______________________________ MAXM 311

K R1 E) MAI AN 11'
1611 FORMAT ~ . . ~ ________ .. MAIXM 3129 1IlK I IDA. Ei2.'i, 10.I 2.O0XE1..O. EIz.SIOxfi2.S I MAIM4 113
1112 FORMAT A-.. MAI 31 4

VlIMO. IOI. 73MPARABOLIC PIT OF PLARE SPEED CUViAILED - MRE MAM 315
I OP ,1Hk..__OEFF___"E__S___'_f__ MAI 3ý16

2 0 1M IDA. I2HEUUI V RATIO *B.iAKEQUIM. RATIO ..2, MMI I
* 3 IIHFLAME SPEED jii I - - MAXM 31M
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SUEROUTINE MAIM

MAXIMUM PLANE SPEEO DETERNINATION

101) FORMAT *1_AXN 39
9 ti" , LOX. EI2.S. lOX, Ii2.S.EOX. 1I2.5LOX, 112.51) MAIM 320

_..Jw ._ORAT MA.N 321
9 (lIO. 1OX, 221FLAME SPEED CURVE DATA MAXM 322

_.j.QIA. FORMAT_ _ _ ___ _________MAIN - 323
9 fIN , lX. 4(4X, IPE92.41, SX. OPFEB. e O.SP9. 9X.F9 I MAIM 324

..... FORMAT . ...- - .. .. . ..... ..... . .. MAIN 325
9 IINO, loX, EHDATA SET ,I01.1IEEQUIVALENCE 1OX, *HMEASURED MAIM 326

W_•.... 9HP EWTE lX, 9"PltAIOLN _I._.I, ?"PERCENT I MAXPý 321

2 IN 31X, NHRATIO I2.I.IHFLAME SPEED tX.IINFLAME SPEED MAXI 320
. .._ .. _29-- --..9X.VLA.II .JA - 329

1011? FORMAT MAIM 330
9 t1hOt.jOI,. ON .._-#jULJ.1IoXINE.QUIVALENCE-..iO EASRE ............ MAIM .131
I LII. 9NPREUICTED 0lo. 9HUEVIATION ILK. TNPERCENT R MAIN 332
2 j.._ kf_J._....l. 4, SHRAE 12 I•,L,_I ..E!0 S.yttXkA P8E NAXMk •31

3 28X, 99DEVIATION /I MAIM 334
.lo ORMA__. - -. . ._ __ MAIM 33S

9 (IN . LoxI A. IUaF11.4.1OXF9.4,1OIF9.4.IOXP9.4.EO I.g9A) MAXM 336
__0l19 FORMAT ................. _MAIM__ 331

9 IIHO, 1O1, 3SHCUBIC FIT OF CURVE UNSATISFACTORY - I MAXM 33d
_ _ _ _ _ _ _ _ _ MAIM_339

9 (IN+, 47X. 23HPARABOLIC FIT INDICATED I MAXI 340
102t FORMAT MAXM.- 341

9 I|H+, 47X. 16HNO MAXIMUM FOUND I MAIM 342
.._LI.ZJ. FORMAT ......... MAXM 343

9 (INt. 47X, 26HXAIIMUN OUTSIDE DATA RANGE I MAIM 344
.J3,2POk.A MAXIN .3X4

9 1lH .•, AT1 2HNMINIMUM POINT IN DATA RANGE I MAIM 344
._I02' FORMAT_...... ....... --. .... . .. AIM - 347

V ISN0 6X. 39HPARABOLIC FIT OF CURVE UNSATISFACTORY - I MAIM 3I 4
_102S FORMAT.... MAI... . ... .. MAIM 349

9 IIHO 1OX, 3IHSTANDARD DEVIATION GREAIER THAN F6.3 I NAXM 2SO
._WjAO_.F.ORMAT MAXM_351

9 IWNO, 1l0. 69NCUBIC FIT OF FLAME SPEED CURVE FAILED - MATRIX OF MAXI 3!2
1THE COEFFICIENTS ISL - - .-......... MAIM 313
2 INO. LOX" I2HEUIV. RATIO , 8II6HEQUIV. RATIO -.2 , AX. MAIM 354
3 - ...... 6NLUIY..JATI.Q.*3. I. 91,1INFLAME .SPEE• .L MAIM -355

l0ts FORMAT MAIM 316
._ IkIq.,.AI. 3 2NDEPFICIEMTI .101. OR1LNEFOA jtx.. MAXM 211

IT7NEQUIVALENCE RATIO * 6XA. TNMAX1EUN MAIM 3S#
I.... 2N- I -- SA--HA....A 2.. ....1A3. , 141A...ZNAA..-& LOX_ MAXM._ 359

3 9HOEVIATSON . 31. lNHAT MAX FLAME SPEED , 31. NAXM 360
L..... C... ... ..... ..-I -- _____._..._...... . NRMAIM. 361

END MAXM 362
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- SUBROUTINE TAPE

MASTER LIARARY TAPE MODIFICATION9

CTAPE SUSROUTINE'TAPE FOR ROUTINE 2018 MARCH S;. 1962 MACe-D6AYTON TAPE

C NOMENCLATURE TAPE I

C AlI) AND A21 ULMANE TAPE 3
C-.~ _CLT.E... -iJJ ~TAPE-. 4.

C IM REVISED LIST TAPE 7
C. AGNLKII. - C-QP,(flR)UtOR NAMEG$-(FRtOM CAROEL..- - . UP
C EICR.II NUMBER OP STRUCTURAL CONTRIBUTORS PER MOLECULE TAPE 9

-OL ----- ANGJY~ 9J.LOTIYO 1AELS TAPE ED
C G(Il- DECIMAL DATA STORAGE TAPE Et

-CMEL........EEENVBAL NAME.LIST -TAPE .*12
C DU AND TB FIRST AMU SECOND (EALVES OP DATE TAPE 13

C GPCJL(J _...JMJbRR OP STRUCT URAL CONTRIOUTOFt.-ESIEA OIECULB.-..---- TAPE 14
C FUR CONTRIBUTOR NUMBER LFGCCNIKI TAPE Is

C FOR CONFIEIUIOR NUMBER LCNI TAPE 17
C.--.-NS..&!AL...... -.E3RST ANE SECOND HALVES OP FUEL, .~M ...... TA PE 1 ER
C. 0NLIJ I -CONTRIBUTOR NAME (FROM rAPEI TAPE' 19
C... *j, E..A.. ).. 1NDC I ES __________TAPE _ 20

C (EAlS) F URL CLASS NUMBER TAPE 21
c ........ j6.) -F.L Rl)I ( M~ . TAPE- 22
C ISC"II FUEL MEM"BER NUMBER TAPE 23
C .. 2(1 . -- DATA SOURCE NUMBER ---_________ .TAPE-- 24
C 131) - EXPERIMENTAL CONDITIONS NUMBER TAPE 25

-- NMBE4O SjIRUCTUEVI. qQNTR(RU!OBOS CONSIDERED .. TAPE -- 26
C lARD NUMBER OF DATA UROUPS ACCEPTABLE FOR WRITING TAPE 27

C ICEL -OPT ION) CONTROL INTEGER TAEC 29#
C..- ENC -f REAL CL A SS NUM3EER. . . . . . -----.TAPE JO

C I FN G - F UEL GROUP NUMBER TAPE I1
C -IFNM _ _ - ý DEPUL. MEMBER NUMBER. . . . ____ TAPE .. 32

C INDS - DATA SOURCE CODE FOR GROUP SERIAL NUMBER ISFN TAPE 33

C---NC -------- CORX-PfLETJCN~jqjQLE0AFOR BP _ TAPE 34.
C SRRIAL NEARER ISFN TAPE 35
C -IPACC. ......... ,.NUTIBER OF CONTRIEUTOR COUNT.,CHtANGES.-OLLOWINr. .TAPE- 36I
C (REMAINDER UF -G- CARD) TAPE 37

C -.. IPCN- -____ .. NUMAEI4TP CONTRIBUTOR NAME C")AKF."..ULJOW.N14G- --.. tAPE -- 38
C ISlE PER -H- CARO) TAPE 39
QC--~p-c -. FG .. 02GB3LqfJ'AJIES...TONLktpUTOR COUNT LIST TAPE -40,

FOLLOWING ON TAPE TAPEC 41
--. ~1 PM -... ..... JUMBER OF.CAROS FOLLOWING WI.TjH.LQMTNIB.UT.OR. - T APE 42

COUNT CHANGES 1-G- CAROSI TAPE 43
---- IF) - -NUMIIEEOF..GAUUPS ON TAPE 2-ftEFOBE-.ADDJ T.E05.....TS 44

* IPIN -NUMBER OF GROUPS ON TAPE 2 AFTER ADDITIONS TAPE 45
- ....... ISE.L.. .. NI..GRU..EEANUEE...LFOR.TAPE 21 -TAPE. 4

S ITP -CODE INTEGER PUB INITIAL TAPE PREPARATION TAPE 47
* J1IE,Il -- - ... SPECIES CONTRIBUTOR CEDE NUMBER - TAPE 40
* JGNL(K) -CONTRIEUTOR CODE NUMBER TAPE 49

NJ -E --..NUMBER OF STRUCTURAL COB.TRIBUTORS-014SIDEREDL .-- TAPE bD
- LACNIL.E) -CONTRIBUTOR CODE NUMBER IFROM CARDS) TAPE 5I

*- .LFGCCNETSL -- - CONTR2Ut)ORk .CQQE.P.NUMBER.-JF.tOMA-AP.E.E___ - -_____TAPE.--2
* LFMIJIL) DATA GROUP SERIAL NUMBER IPEOM CARES) TAPE 533
* LIPACCILI -NUMBER OP CONTRIBUTOR COUNT CHANGIES. QR. DATA - TAPE 54

GROUP SERIAL NUMBER LPMMILI T APE 5 5
* M - COUNTI .NGINEGER FOR LINES-! PRNEERPG APE_ 38

C NAU RUN NUMB:ER OF DATA GROUP TAPE S?
C 'NB:UNT ,NNNEC CKTAPE 58

SURUI N AEtRUN, ICTL.AIA2, IIAI IR.IEC, 12.13.DA,14.JIB1, TAPE 59
1 IBEB, DU, ELAST)11,- ___ TAPE (.0

COMMON INT. EEC. I,31, N2 .3BIN , NrE TAPE 61~ ________TAPE 82
DIMENSION Ali 201,A2120) .811 100,2W) .Bii6,20lIDI*BI.12i1O-rTflhI1UTAPEB 83
I ,141201,JIIIRE0,20),ACCLI20.901 AGNLISOI D161.DNMIjbIAFGGkI9QlI- - -TAPE 64
2 FGCJLI2UOI ,GNLI2UUI,.JGNLI501.LACNIZB,901 ,LFMNIZ0I,LFGCCN(90). TAPE AS
3 L IPAC CI120I itA120), L18(201, IECI2RI TAPE 66B
M -4 TAPE 87

BRT UPT TAPEj _______________TAPE 6aR

9 EUU'rE TAPE- 69
BRIDE OUTPUT TAPE 3,-3001,- - - - - - - - -- ,TAPE T0

9 NRUN TAPE TI
REWIND B6 - - - - - - - ___ TAPE 72

10 CALL INPUT TAPE 73
NE. NED TAPE__ 74

IFI NEE 1 6l0A0O 11, 33 TAPE ?5

_______________ TAPE T6
C FCARO ASSIGNMENTS TAPE 77

ElNUT- 1 TA PE 78
l1AN) * NT- III TAPE BE

IPM*INTIL) TAPE- RI
- IPFN 4 INRTj - - - - -. I_____________ -APE 32
- ITPC -1 N IA7 -- 4, TAPE 63

L LAST. -iNT)I- - - - --0______ TAPE 64

C TAPE A

C TAPE 67
IF INRUNý - NRUNT) 21,.21,29- - - TAPE BR

C TAPE A9
C OPTION CONTROL. INfEGER !;HECK ~ .________ TAPE 90
C RAPE 91

-- ZJJ~'L- ICANT) 29.22-2 TAPE ___92
C TAPE 93
C . .TESTS FOR EAECI$LABLR CONOI.TID"L *. . ~TAPE -94

C TAPE YS
22 IF (ITP.: 71 25, 28,2k. . . . . . TAPE 9E
25 IP IIPPMI 26.,26.32 .. APE 97

_______________________________________________TAPE 98
C TEST FOR GROUPS READT TO BE ADDED TAPE -99
C TAPE 100

26 IP IIPENI 27.27,40 TAPE IGI
27 IF lARS) 30,30.40. . . . -____ A M AE 10 2

C TAP 103I.
C .. OtA.GNI3ýTJ.......-...J.U&-kL2A!L.WA!JhUQ0 -. TAPL* 104
C -(APE LOS

2M WRITE OUTPUT TAPE 3. 0002 .... tA PL 1 0
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GO 195 .To TAPE 10?
C TAPE 108

A,_... EARROR TAPE 109
C - TAPE 1 IO'

29 WRITE OUTPUT T-APtLJj.,3Qj ...... TAPE iII
9 NRUNNRUNTICTLICANT TAPE III

GO TO 600 TAPE 113
C * . TAPE 114

.C _OIAG ST'C - NO ACTION CALLED FOR TAPE 11s
C TAPE 116

... 30,WMIET OUTPUT. TA~kj&)L. - ---- - TAPE LITGO to 495 
TAPE LIE

32 L 0 ..... .. .. TAPE ..
321L L L * I TAPE 12U

0p 10 TAPE _. 121
c TAPE 122

C TAPE 124

330 NUNCON - IC - 7000 TAPE 126
. EIPI .•NCOMN) 312. 131. 332 TAPE 12T.7

331 LFMNILI * INTII) TAPE 128
I- ,PACC I iNTI2I.| .. . 'TAPE 129
GO TO 10 TAPE 130

-._)32-01 NRUNT.m-J.I-j.Q.PVb.-63M.Q TAPE 131
333 LIMIT • * 1ONUMCON TAPE 132

• I G.O LIM2•.1| - 9 TA PCý_33_

IFILIMIT - IPACCI 335. 335. 334 TAPE 134
.. 3341.LINI I m. IPACC. __ TAPE LS3

335 M12 0 TAPE 136
--DO 336 jI....I.._....... . _.TAPE . 13?
M2- M2+ I TAPE 138

__ kcjI.,.'I - INTIM2I TAPE 139_
336 ACCLILKI - UECIN2f TAPE 140

AIFI LIMIT-- IPACC)-ID...35_.._..... -TAPE 141
3S LIPACCILI * IPACC TAPE L42

IFI L - IPP I 32A .. Qý-_Q-Q TAPE 143
C TAPE 144

. OF WSTER TAPE & TAPE.145.
C TAPE 146

-. 40_READ INPUT.TAPAE.6-._•Ol__ TAPE -- L47
READ INPUT TAPE 6. 2001. IPI TAPS 148

C ....... ..... _ -TAPE 149
C READY SCRATCH TAPE 8 TAPE 1SO
C__ TAPE- 131

REMIND 8 TAPE III
c TAPE 153

C COMPUTATIONS FOR ALTERATIONS AND ADDITIONS TO DATA GROUPS ON TAPE TAPE 154
C TAPE 133

00 90 I.I,IPI TAPE 15A
O. -- JifJd i TAPE__ 1S

C READ 6ACH GROUP STORED ON TAPE 6 TAPE a58
9 TAPE 141

READ INPUT TAPE-,6" 20ý"i -TAPE 160
9 ISFN.FNI.FN2.IFNCIFNG,IFNNENOS,|NEC.|0|K)eK-2.6|. TAPE 161

C TAPE 1AS
C....TEST FODR PRPRDT RO5P.SERIAL, NUMBll -NTL~ E- .. 1644

C TAAPE 165
IF II -jIPFNI 4114S _ .. TAPE 166"A1 REWIND 6 TAPE 1A6

a11R140 8 TAPE 166
TAPE-169

.C. TEST T(Q-)KMIkT TH95NA333..gF UNJ..RIMTEOP _IK p ýg.WWO~P~ TAPE ITO
C TAPE 171
C IF(M -52) 42,43.43 - ....... ....... TAPE.__ 172

43 WRITE OUTPUT TAPE 3. 3020 TAPE 173
_ TAPE 1?4

C ERROR PRINT - DATA GROUP SERIAL NUMBER INCONSISTENCY . 'AP"-IS
.A__ _ _ _ _ _ TAPE 7L6

42 WRITE OUTPUT TAPE 3, 3005. TAPE 177
9 . .... Js!j_ TAPE _Te

GO TO 500 TAPS 179
C TAPE 180

C BYPASS OF TESTS IF NO CARDS TO BE READ TAPE 161
.C. ..... -TAPE 182

45 IF IIPFM) 80,80,46 TAPE 103
_C ____ _ _ _ _ _ _ _ TAPE_ I0
C COMPUTATIONS FOR ADDITION OF INFORMATION TO TAPE A TAPE 185
C TAPE--186

46 00 47 L.I.IPFM TAPE 1E?
_ -'_ .... .. -TAPE. 1I,

C TEST FOR ALTERATIONS TO GROUP ISP ON TAPE BY DATA PROM -9- CARD TAPE LEN
- .... TAPE-_. 140

IF II - LFNNLII 41,30.4T TAPE 191

.........AlCLO I K TrAPE 192
GO TO 80 TAPE 193

50 00 51..J..t,2J O _ _ _TAPE 1:4

C TAPS 19S
I ........- ZERO COUNT. L •TJ.L• ,"j.+A TAPE.- 196
C TAPE 19T

j. Ll)I . 0.0 TAPE IRe
00 32 K-h.IPFOC TAPE 199

C.. . TAPE..200
C STORE TAPE VALUES OF THE NUMBER OF STRUCTURAL CONTRIBUTORS PER TAPE 201
C .. .. .. MULECU LE AL ..E• A-SC• T T .i -TF-IV-s J - TAPE .. 202
C TAPS 203

-.... _ ____________ ____ TAP:, _i8
52 FGCJLIJ) - FUCLIKI TAPE E 05

C ..... TAPE 206
C ADDITION OF NEW VALUES OF THE NUMBE• OP STRUCTURAL CONTRIBUTIONS TAPE 207
C PER MULICULE.•. T•fl . _.. _SE COEIRIBUTORS LISTjED _S.tt.IN _:iG . CAR .. .. . TAPE 2Ro
C TAPE 209

IPM_ .I * A I.J. ..~J.LJ .-TAPE_. 210
E0 03 E-lIPACC TAPE III
J .LACNILR) .... ...... .. . ......... TAPE 212

59



- SUBROUTINE TAPE

-.. ICQNTIMU90I

MASTER LIBRARY TAPE MODIFICATION

S3 FGCJLIJ) - ACCLjL.KI . TAPE 213
K 0 TAPE 214

A_____________ ____________________TAPE___ 215

C LIST CONTRIBUTOR CODE WMBERS A RNO NMBE O CONTRIBUTONS PER TAPE a14
C-., MOLECULE. ONSEMJTP 8 TAPE..______ TAPE 217

c TAPE 218

DO S5 J1.200o --.. ~. TP 219
IP IF6CJLIJ)) 54,55.54 TAPE 220

.,.I~E.K* __________________________________________TAPE 221

LFGCCN(K) . J1 TAPE- 222'
PGCI.IEI - FGC,1L14 . . . -- ____ TAPE .223

SS CONTINUE TAPE 224
IPFC KTA PE 22S

C TAPE 224

TOi III H UBEO IE ENE E A!O UPT TAPk -227
CT TAE 228

IPIN _____ __ TAPE 229

ST WRITE OUTPUT TAPE 3. 3020 TAPE 230
14.0 ________________TAPE __231

-8 5N - M H IPF 6.C/A -6 -6-TAPE- 232
C TAPE-233.
C PRINTOUT OF ALTERED LISTS T TAPE 234

C.. 
-.06TAPE __235

WRITE OUTPUT TAPE 3-"'-- - - TAPE 234
WRITE OUTUt tAP ,3Q,_______________ TAPE _237

9 ISPN, ILFGCCNIEI.PGCLIEI.RK.1.IPFGC) TAPE 2.38

C TAPE-234

C INTERIM STORAGE ON TAPE a TAPE 240
C - ..- ___________..TAPE 241

00 WRITE OUTPUT TAPE 8, 2002. TA PE 24 2
9- - ISFN.NPt,FN2..I4NC.IPNGIPNM,,INDStXiJ.Rý_LIbEIUih........1 TAPE 243

1IPFGC,ILFGCCNIEIPGCLIRI,K.E.IPFGCI TAPE 244

i--ASQQ"OmJJ~iUL- TAPE__245.
C TAPE 246
C END OF,.ALTERAT IONS AMC) ADDITIONS TO DATA GRDUPS-.OAL.TAeE..................-TAPE 247
c TAPE 248
C . ALTERATIONS 09. ADDITIONS T0.CONFTRIBVX.OR NAMCL.hIS..-- - TAPE -. 249

CTAPE 230
C ~TAPL-__281

C READ CONTRIBUTOR NAMES AND DEPENDENT VARIABLE NAME LEST PROM TAPE TAPC 252

-. R.EAD INPUT r.APýE.8,..20i......----. TAPE 2533

9 ICNLIJI,J.S,200I 
TAPE 234

READ INPUI-.ITAP 6-.2093L, -. . _____.~~..TAPE 233
9 IDNMIRIK-.6).8 TAPE 258

-PEWI I9Q... TAPE 231
-FtlINT B TAPE d55

S--.-..----. -_________.. TAPE 259

TEST POE ALTERATION OR ADDITION TAPE 280
- . -. TAPE 281

IF IIPCNI IOU.EDU.95 TAPE 282
______________________________________________TAPE--283

H CARO BEADING TAPE 284
I TPIE 285

98 READ INPUT TAPE 2, 1001, . - ~TAPE 248
9 IJUOILIEI,AGNL(KI,E.E.IPCNI .TAPE 267

C ____________ _________TAPE 2:88

c TEST TO LIMIT THE NUMBER OP LINES PRNEPEPG POUTPUT TAPE 28

IPII -. . . _____________ APE 270
IFM IPCN17 1 2 11.141,111 TAPE 271

98 ,RIE OU TPUT TAPE 3. 39210---- . -_ ___- , TAPE 272

M-D TAPE 273

*-TeM-IC/ 6 TAPE 274
C TAPE 275
C__ ,. PRINTOUT UP .01J.PiT. 4JJI7NSQf AD~iL~J CONTjtjyTOB ALL _ -I. . A..TP E .. 276

C TAPE 277
WRITE OUTPUT TAPE, .3. )008. . . - --. .-......... TAPE ... 276
WRI TE OUTPUT TAPE 3, 3009, TAPE 279

9 IJNIIAGNL(KI.K.1I.Ipcmj TAP k 2B
00 96 K-.1IPCN TAPE 28

C TAPE 283
C-.-.. ADD ALTEREDO-R NEW NýAMEST ILI~TL _ TAPE 284
C TAPE 281

96 GNIIJI_- AI.NLIK) tAPE 8
C TAPE 281
C- -- REVISE GROUP COiD9N.L........ . APE--288
C .TAPE 289

.. QIPN Pt *AD __________________TAPE 290

C TAPE 281

C PREPARE CORRETED TAPE 6 TAPE 292

TAPE 293
iWRI TE JOjP12P.A..O................ -. ___________ APE 294
WRITE OUTPUT TAPE A, 2001. TAPE 290

j ~~9 IP IN _____________ AE 298

5C IAI - CORRECTED GROUPS PREVIOUSLY ON TAPE TAPE 297
3 C TAPE 298

D0 110 I - 1,P' TAPE 2989
-. READ ..JNPUJT TAPE 8., -QQ2,- - - _____I_______ tAPE - 300
9 1 SFN,PNI,FN2.IFNC.IFNG.IFNM.INDS.INEC.IDIP).3W.R3,, TAPE 301

I - IPFAc.IjCNEL.D~d.,Ti.(._____ ________TAPE.L 302

110 WRITE OUTPUT IARPE 8,2802. TAP E 30 3
3 ISPN.FNI.FN2.IFNC.IEGI.mJID.$I-NBC.IDIEI.E2.Ai. TAPE 3--04

IIPF1C.ILFGCCNIKI.FGCLIEI,KR1.IPFDCI TAPE 383

If IPIIAOOIJ510..IS..1T.. .. ....- ____ ... TAPE .308
C TAPE 307

C. EST TOAI THE-NUMPER OP.LINES. PRINTED TPER &- luA 308
C TAPE 309

okJL.JPP .i4~L.L1.E1 TAPE... 1
114 WRITE OUTPUT TAPE 3,1302. TAPE 31.1

9.0 -.- - - .-- '-TAPE 31
113 8.14*2 T APE 313

C -- - TAPE 314

C DIAGNOSTIC - NO NiMWDATA GROUPS ADDED TO TA-PE - TAPE 2313

WRITE OUTPUT TAPE 3, 3011 TAPE6 317'
GO TO L4AU - - -- - - - - TAPE AIB
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SUBROUTINE TAPE

ACmNTINKMIDS

MASTER LIEART TAPE MODIFICATION

C TAPE 319
C to) - ADDITION OF NEW GROUPS TO TAPE TAPE 3*0

4 _______________ _______________TAPE 321
C TAPi7 322

C *. TEST TO.LINIT THE. NU"EIR..pF LINES PRINTED ERAL.I!....___TAPE 323

C TAPE 324

117 IPIM - $21 11.1,1L..... A _______TAE 325

116 WRITE OUTPUT TAPE 3. 3020 TAPE 326

LIC .W TAPE 329

C PRINTOUT OP NEW GRO-UPS ABED TO TAiPEi "TAPE. 330

C f2 ... TAPE -331

WRITE OUTPUT TAPE 3, 302 TAPE 332
JiLOULLT.jj SSTAPE 333

ISPEF II N TAPE 334

EL - 14(ij). TAPE .3
IPIM - 581 129.126.12W AE 3

1281 WRITE OUTPUT TAltE-3,A9k 300-___________TAPE -337

WRITE OUTPUT TAPE 3. 3012 TAPE 338

_____- ___________________________________________TAPE 339-

29NMI .TAPVE 
140

WRIT*E OUTPUT TAk-01ý - ---______________TAPE _341

9 A1111.A2I11. ISPN *U1 A1.1 ifI.ILCIII,124~1I1 TAPE 342

- A1.,~a.514ij1.. 013.l,.AJ.I. A96,11 TAPE 3143

130 WRITE OUTPUT TAPE 6, 2002. TAPE 344

9 -NA-IIA1 4.II 11,111RI ICI.lI13 . TAPk- 345,

I SI, ,.,ISI£I, ,IEI,*,L TAPE 346

.- --..TAPE 347

C TEST TO LIMIT THE NýUMBER '6F IINES PRINTED PER PAGE OP OUTPUT TAPE 348

C Y... . . AP 349
I 1ilfi - 5001 L3i,3,1-32 TAPE 350

IPM141t TAPE £52

131 M.M6.. TP 334

WRITE OUTPiUT TAPE 3, ... TAP 3

DO- 5 1 35 3 .IAO. TAPE 3,565
ISPN . IP I TPE 37

EJ7 * 41APE 338

C -.. TEST TO PitUTEU8.E.fEkfE~E1J0P AE 9OTU .. TAPE -359

c_______ TAPE S361- -- I F M+ 4 CITAP1.E 361

134 WRITE OUTPUT TAPE 3, 3020 TP 6

014_________________________TAPE-_ 363.

M:6 
TAPE 364

133 M.M.1411116 *2... .- . . .~~ TAPE 36S

130 W. ITEC OUT PUT TAPE 3, 3007. TAPE 366

S ISPN........ TI )1 ~l _IAP E 367
.IJl..IJJ.KJSE~aP.L TAPE 3468

,....F... enNTO TnaAPE tAPE--369
C TAPE 370

140 WRITE OUTPUT TAPE A-6..2004.. 'A.. . ._____ _ _ TAE 371
9 (GHOLIJ).J-1,200) . .TAPE 372
WRITE OUTPUT TAPE 6, 2003. TAPE 373

.-__ ~DMK.jkA__ APE 374

ENS PILE 6 
TAPE 311

REWINO 6. ------. TAP 376
REWIND 8TP 7
GOWTO S0oo___-_____ 

_ TAPE 378

C !APE 379
C.... ENSQ FP OPERATIONS ON AL.TERATIONS AND ADOLTIONII TO TAPE I TAPE 380

C TA*E£81I

.. C- OPERATIONS FOJJIINNIIO.AE2-TA PE 382

C TAPE 38,3
193 IP IIPCN). 490,490,,210 -.- TAP 384

C ~~TAP 38
....... LTJE~ CARS READING TAPE 386

C TAP 38
..210 READ lNpU.lLTAi..00............____________ 

TAPE _388

C CADR.D~.TAPE 
389

H CAS RR.ADN6 ___________TAPE __390

C TAPE -391

AgE.g INPUT TAPE h. 1001. TAPE 392
9 IJGNLIEI.AGNLIK).E.1,IPCNI -TAPE 393'

TAPE _ 9
C DEPENDENT VARIABLE NAME LIST CARD READING - TAP 3994

__CTAPE 3961

AR EAB INPU-TA TPE 2;.1!00 TAPE-391
9 1 .1NMKI!,EI.L T-APE 398

DO 213 J-1.200 lAPE 399
-. . TAPE 400

C BLARE OUT ENTiRE C&TNiflUTdR NAME F jjTf TAPE -401
C - . . . ..- TP 402

213 GNLiJI' 4 EK TAPE 403
00. A20Q....BTLJ PCN TAPE-J404ý
J JONLIKRI' TAPE 405,

C -- -TAPE .406
C STORE GROUPS PEON-Hi:-CARD IN CO~iiRf&0aOR ANE PIELD TAPE 407

iii0 GNLISI * AGNLIRIF- - - TAPC .409
TAPE 409

C WAE 41L

C-....PRINTOUT OP INIT.IAL-A.IA-0A..fRPE,,,, TAPE 412

C TAPE 411

230-WRITR OUTPUT TAPE-3.,-O000.......- I. A.- . - TAE 4 14

WRITE OUTPUT TAPE 3. 3010 T APE 4135

_- _ WA.IJ.E...W4T.PJ2J AP' 3. ODR TAPE__ 41L6
9 (IjeNlIRI.AGNLIRIE.BIPCI T APE. 417
WRITE OUTPUT TAPE 3,.301S.. . . . .---- TAPE 418l

9 MIEHNIRI,..6J,§LK TAPE 419

C ... ______ . . TAPE 420

C PREPARE TAPE 6 tAPL 421

WRT 'UNU APE 6. 2000 TP 2
WRITE OUTPUT TAPE 6, 2001, - ____-.TAE 424

61



SUBROUTINE TAPE--
- .. CONTIN4USDI

MASTER LIBRARY TAPE MITLIFICATION -

[ ADD TAPE 425
00 240 I-I,IA Do TAPE 426

El *1411 __________________________tPE 427
20WAITE OUTPUT TAPE 6, i-o. - TAPE7 438
9 .-- fk#(.j I1A 1e @ICJjWjP 429

I DAlE,! IK2.62,AI,,IJEIEI ,EEIRIIE.K-.EiI TAPE 430
WRITE OUTPUTT TA E 6, A003- - - - - - _____TP 431
9 (GNLIJI,J-1,2D00 TAPE 432

W~~ UPU TAP A.*0 TAPE 433
9 IONMIK).E.1,11 TAPE 434"
END FýILE. A O________ TAPE _43S
WRITE OUTPUT TAPE 3. 3016 TAPE 43W
REW IND 6 TAPE _437

CTAPE 438
... ENOPO INITIAL PREPARATION OF TAPE 6 TAPE-439
C TA Pe 440

- GO TO %05. --____________ __TAPE.. 441
C -TAPE 442
C ____ERROR PRINTL ------ fOIITA,3P PtEPARAT ION TAPIE - 443
C TAPE 444
j-A2fKLJ.T- OTPUT TAPE 3. 3017. _TA PE_445_

9 IPCNIADO TAPE 446
45REW IE AO 6______________ TAPE 447

500 RETURN TAPE 440
.... AO !A 2 _________________TAPE -449

11RITE OUTPUT T-AP-E 3,-40-00B,-IC. .1TAPE 450
________________________________________TAPE 451-

C TA PE 452
C-- FORMAT ..$TATEM.E"jTS --..... ________________TAPE 453

C TAPE 454
1001 .FORMAT .....- .______________ TAPE 455

9 112X ,14ý,*EA6.14.2X.A6.14,29.A&.14.2XA6,14.2X.A6I TAPE 456
.JQQ*P0R4ALj-lj., A4A I TAPE 457_
2000 FORRATfII'I6.1160 TAPE 458

I I - - - - - - _____________ TAPE 459
*001 FORMAT T APE 460

9 I IHE. k616- - - - - - ___________ TAPE - 461
200* FORMAT. TAPE 462

-9 IHOU 16.2AA.516.IPSE12.4.IA/111ti 16,E12.4,I6,EI2,4,I6EAE2,4, 6, TAPE_463.
IE12.4.16.112.4,16,E12.4)) TAPE 464

2003 FORMAT -____ - ____________TAPE _465

9 (11H0 ;l6X.A6)/(IH 6X.A6;,6E.A6.6X.A6.6X,AA6E6.&6.A6,6E. XA,A6,6X. TAPE 466
1E6,69,A61 _________ - - -- TAPE -- 46?

3000 FORMAT TAPE 468
MI6..... 102MMONSANTO RESEARCH CQB.!OMILIYIONJAME -SPEED' CALCULATE _TAPE__ 469

to" - ROUTINE 2010 MODIFICATION I DATE 2A6 I TAP E 470
30019FORMAT -T .- - - - -- . __RUN __14 -1 TAPE _471

I 1160,100, 38HTAE 2WiiTINU iNi~iRiATI0N - U 1 TAPE 472
3002 FORMAT TAPE 473

9 (160,150, 206 INITIAL TAPE PREtPARATION I) TA PE 474
35003. FORMIA T.-U3MA OTF ORDER - RUN NUBRTAPE__ 475

9 I 165 1E,3HOTUME 14. TAPE 476

I1 X ... 19. 2OHMISPI.AGEE RUN NUMBER. .. L4A - ---- __ TAPL 4,77
*/160 E0X,2260PTION CONTROL INTEGER J4. -____ __ TAPE 478

3 2 2E,21HCONTROL INTEGER CHECK 141 TAPE 479

300O4 FORMA~T _____ _______________T APE 4800
9 1 0100 i206N0ACTIO-N ZCALLED FOR')-'' IAPE-481

.30U05 FORMAT _____________ TAPE 482
9 1 N.16X.'00 57HORbUP SiERIAL NUMBER INCONS-IST NCY - SERIAL NUMB -TAPE 403
119 R 14 ,.5X, 1E6LOC-kA1IT.m 14,)- - - - TAPE 404

3006 FORMAT TAPE 485
_9 Tv.,1m 34HALTERATIONS TO DATA G~ROUPS ON TAP Il Tt&lo,)~t TAPE 40k6

1 16 .14 DATA GROUP ,6X.IIHC NRI iUeTOR ,6XEWI60TIUTR6, TAPE 481
2CONTR IOUTOR.,6,T,L I6CONý-I IlTOR, 6X, I INONTR IEU.T.OR,6XE.IIHCDOTRIRUlTQR - TAPE,. 408
3/ I.16 17W SERIAL CODE COUNT / CODE COUNT / CODE TAPE 409

4 COUNT I. COD.E COUNT I COVE COUNT / CODE--Mt-ý CON .- TAPE� 4900
S/ 16 ,IEbM NURSER NURSER MOLECULE NUMBER MOLECULE NU04BE TAPE 491
ARMOLECULE NUMBER- MOLECULE NUMELER MOýLECLE R NUMRER MOLECULE 11 TAPe _492 -

3007 FORMAT TAPE 493
N-I .10 tI.E,IA,..A_4UA,2XFT.3,2XI /EIN ,I7XEf.I6.2X,F?_3,tXI6,2.P. ______-TAPE 494

I,2XI' 6. 2 XF7.3,2X,I6.2X,F1.3,2X,I6.24 F 7.3 , ZXIA2X,F7.3 I) TAPE 49S

.0308 POAMAT ____________TAPE- 496

9 1160 O, 10 32HCHANGES IN CONTRIBUTOR NAME LIST TAPE 497l
_009 FSIMHAT _______________TAPE _498L

9 116 0,14" CONTRIBUTOR.6X.IIHCONTRIRUTOR,6EIIHCDMTRIBUTOR,6E,1I6 TAPE 499
ICONT R. CUTof, 6 X" 1I6CONTRiBIJTOR,6XO,IIHE6CfT~iBU1Qa,6,E.IHC nN!RAjI*IDL iAPE-.5O00
2/ I1 H 5H COOE 13X,4HC0DE E30,4HC00E !3X,4HC130E 13X.4NCDDE 13X. TAPE 501

3 _ _ E L60 .341,.4H0E _/ - TAPE S0*
4 16 ;,IITHNURRIEIR NAME NUMOERM NANO. NUMBER NMAE NURSEl TAP E 503
5R NAME NUMER NAME mURE NAME NUMBER NM TP 0

6/1 I,0A6,311,[6,2X,A6.3XM0 ,IA2,6T,6*,W),6j, TAPEE 505
6,I,2X A ,3X(,16.2XA.6-- :2. ___.~.___ _TAPE, ~06

5010 PORRAT TAPE 307
- -9 116E, QE, 29HINI TIAL CONT IB5UTOR NAME LIST. 1 ____TP 500

3011l FORMAT TAPE 5 09
-51k 0'EO,jDA,)?N5-UJ*A1AfLRMQ1IP ADDOEP-T9 TAPE I TAPE 510ck

3012 PORMAF r TAPE !i11

9 101), 25H0ATA GKOUPS ADDED TO0 TAPE 1________ -TAPE 512
1 1 O,10 FUEL NAME 19EI2HCODE NUMBERS 22X.I4HST0ICHIOMETRlIC 110 - TAPE 3

2Z.I3HMAEIRUM. SPEED. b&,11HEQOIVALE"CR 1.6jDf 1Ii&AiA$i_ TAPE -_ 014
3RO.. MEM.BER DATA EXPERIMENT FLARE FUEL PLAME TAPE 510
4 F69L RATIO AT - ftAPE 5ý16
b; I6 39Av77hSOURCE CONDITIONS SPEED CORICEMORATION SPEED TA PE 31 7
.6 CONCENrENATION -MA AINMU i16 .50?,61M(CM.,/SfC) AQ.~E~~~Ii.I... TAPE 5 10
7/SECT IRUOLEC UL Ef/CC ) FLARHE S PE ED / I TAPE b19

3011 FORMAT TAPE 520
9 11" , 2A6. 1,1;317. 40, F9.4. *A,IPE12.4,AE,--OP9.-4,ZXlEtE2.- TAP e A52l

.. *.....24. 3x,.AQFTI.3 I TAPE !'22
3014 FORMAT TAPE S23

9 41.0.0.E, 32HAODITJONS TO DATA GROUPS ON TAPE. -1,------- TAPk !,24
1 16 .14h DATA GROUP ,6X.IINCONIRIBUTOR,WJI, 1MCONTRIBUTOR,6011. i TAPE N5*
2CONTRI0UIOR,61,E16CONTRIBUTOR,60,116HCONTRIBUTOR,4X,11,D.KPTR.IBUTON.. TAPE $26
J/ 16 ,EIETR, SeItI AL CODE COUNT / CODE COUNT I CODE TAPE 527
4 C7kE L A~CA4L3O.O NL S P~2.J. TAE -. 28
s/ 16 .1186 NUMBER NUMBER MOLECULE NUME OECL UB TAP !29
60 MOLECULE NUMBER MOLECULE NUM4BER MOLECULE MUMBEEP_ MOLECULE /1. T APE S10
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IJRUsk 166~ CR001

MAN I INVRINFRSRUI MA](M

CUTV CANT1 SUBROUVIENI OO 100 PROBLEM 2016 MARCH 1, ISAZ MRC DAYTON CROUT L

4 NOMENCLATURE

DIVISA - NON-ZERO DIAGONAL ELEMENT DIVISOR H
8
IM 43

-~ IV
0
LI!N _ K _I____________________ _ J
41 - INDICIESCR1

-4 I TV NCAR $1 NUBK gOF 1,9,PiNOEFIN VANIABILES i IN ATIONIS CROW1 N

"K., I EENOIN VA41SILES IINPIIVI CRUUl 11

SURROUTINE CROUTINVAR.L.b.I Cu001 13
DIMENSION 1((.11KoOui O1I.I11 R01

4NNVR1 - ROUI L5

2 XIIIj)*zII.j CR001 1s.

CR00u1 21

C TESF FOR Tb(S) OR MORE VARIABLES CROWI 22
LEOUT z4

IFMNAR-1I100. 100.5 CROWUI 24
CROdU 25

C TEST OF IEAU DIAGOJNAL ELEMENT CRO 2

C 1"" olo GuRO9UTl 221

00 10 J.IO'JN 
CR501 1.1

to x I , T.MIo,JI/DIvSI CkdoUT 31-
I11*10-1 CROUW 3.2

7 - cib r 33
C INNEESION OF MATRIX CR001 34

-CLROOT 365
00 20 I.I1.NVAR ROUT 36

00 20 J11S.JN 
iROU 3Ff

20~ II.J 1,4 .IIXIID.4II 1)(13,1011 CROUT 30
IF IIUJ*I12.4C01 3

Cc SIGNAL FLAG. TO INDICATE SOLUTION NOT POSSIBLE COI 4
C _________________________________CROUT 4?

2Y3 SNS9 MAYN -4 CROUT 44

Go010 SO CROUT 44

T1 I 0.1~RO 145ý

T5 10 CROUT 41

C TES IU R0 MT C.MOUT 411
C UR01 4

C CR001 02
C SIGNAL FLAG TO INMIATE SOLUTION NOT POSSIBLE CROUT 53

3 CROUT 04
11 141N411 HOUIG~ CROuT 55
24 DIVSil - XIID.IOI CRIJUT 57sl

CCROUT so
CINV9RSIUIN OF MATRIX

C CR00W 60

2511 R10,41 *0IIu,4I/oINSR CROUT 62
K-NVAK ClOUT 65

VIII- X(NVAR.JNI CRk OUT 64
12 6 IFI-150.IS0.26 COT A

26 , 1 -- 5 R0 66
VII IK.JNI CR001 Q1

JI. L* R001 &a
no 30 4.1.N RUT 0N

30 .VII - 'V tgI I1I1.J)IIIVIJII Cout To
Go to) 126 CROUTTL

50 RETVURN CROWU 7z

IF DIVIDE CHECK So, 50UT ?
150 IF (IICrtRI 12.1151,200 CROU I 75

CR001 TA'

C COEFFICIENT STORAGE IN OUTPUT VECTOR CROUT 1F
CCRouT ViS

NVARR9U ! N
- ii i 01,1-1Vi'l CRONT R

LO ID 201 G -ROUT Rki
200 U6( 201 I *1.NVAR CROUT 6 2
'01_1will- w Il - VIII CROUV 831

C ~ CROUW 84
lest3 Fok SATISFACTORY COMPLEIIO OFuu IOUIO ROT

_____FlI VTR-312T.1.00.50 CRKOUT RI
251 ITGIR - ITCIN *1 COUT 8

GO 152 1I N -1MAR tlRlOU RN

GO 1 52 J I.NVAR CROUW go
102RlI.! 1IJ ~CROUT 91

04) 153 1 *1.NVAR CR001 42

~..A1~,II -1. I ( I.JNI CROUT Ni
.0103 4* 1,NA CR001 94

153 AMj,,IE K I-jjJNIN 1411.Jil* I"(Jll1I CROUt !'I
I. To1 3 CR001 VA
END CA001 NT
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SUBROUTINE I'SCA

CPSCA DATA CARD INPUT SUSAIDUTINE FOA FLAME SPEED CALCULATIONS FSIC I
SUSEOUTjN INPUT FC

OW N IN. UEC. AC. J111. .2. .13 , AN, Y - EW FPIC

DIMESIAOM INTAIUfl. OECAIDA. KARRAYAIDA. PAREAYAID F
1
4

4 %LUkDC-. 3 PsC1 A--
KPASS -U FSCA I

401 EFAýSS IKA. PICA I
CALL WOECOM(NUNDCP. F.ARRAY. PARRAV.KFASS) PCA
GO 11A402& 405 410). KPASS to~ 1
I0 KARKAVAIAb Hill IT

L 1/1000 PSIC 13
1P C 4020Of 4. 4020 FSCj 14

4020 j HK y 1AAY2 1 FSCI 1s
J2 ARY31 PSIC U

NU;MORI .J * 1PCA 11
ji0 10 4051 PICA ___d

40 U0 40, J.,2 SCA 19
40614 AliT)l - KAl'AI.J1 I FSCA, go

J13 -KARKAAYAJ2.1 PSCA 21
4UMOCp J3 PSIC 22
"GO TO 401 PSCA 23

410 00 412 %A1.J3. PICA1 24
412 DXCI.)) - FARy IJ PSCA *s'

N02 L PICA 24
GJ TO I S0. 60A, NIN FSCI A 1

410 MIN I IA~
S0 RETURN PICAl H9
60 a FtIAC *1000) 4. 49. 4 PICAL 30ý

ENO PSIC 31
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SUSNOUTIMEM VUECoN

SUBROUTIME VOECOMIM M ARRAV. P *KPASSI VUEICON I
DINIMSIOELP I 1 I .. ________________VEO..
DIMINSION IEWMMVI38I. OUNNISDI VEO

KOUIPTIT12. AOUTPTIT2I "UCON S
- CoNMOw IDUNNY. IPLUS.-NIMIMU. .IDS9CRT.COMPA.4I Y00UKVEON -

1 KIMPUT. NUMOCP, PARRAY. 1. L. M*X, NI YUONCO 7
* .EQUIVALENCE I DUNNY.-.IOUNNY 3 -....~___________.VUECON...... a

9.1PLUS.IPLuS1,4ANINUS9IMINUaIl 105CPToOIUC tI YOKOON 9

2 IAINPUT, KINUT, IOTPT# KOUIPTI YUKCON it
REWIND S. -O - __________UOMN.42MJNMCP, * YKOR 13
NIX -1 YUON IS-1

- ~--AECWK--L......
GO TO( 1.10. 10). KPASS YUKONK 1?

-.....ACONTINUE. -. - VDCON.... LU
C SIT UP CHARACTERS PON LATER TEST YUONco 19

.--- PU t.20"6406U040......... YUON o......20a ANIMUS - 404060404060 VOECON 21

a COMMA - 7360606D0406 WDEKON 23
.S..... - E --256060606060 - ____________________ VUEON..... 24* BILANK - 606060404060 VOEC ON 25
C....- READ ALPHANUMERIC CHARACERS. YUON.... 24

5 READ INPUT TAPE Z.1000, IAINPUTIJI.J.1*721 YUKCON 21

GO TOIIO. 10, 50), KPASS YUECON 29
C- -C D.. ECOMPOSITION OP I'ITESERK VOKON...310

10 DO 21 N - NI. NUNOCP VOtCON 31
All -N YUKON -.32C SEARCH FOR. START OP NUMNS YUECOm 33

---IA" PIUNPIt LLL-- -1 10'* *--a"EO
102 IF IKINPUTIII - ICOqnAI 1. i lie 12 VUECON 35
i.11+1- I* - -VO.________________YECOM.. 34

IPI I ?T21101 101. 5 VOECON 31
C-.C. SELECT INTEGERS. - _____________________ VDECON. 38

12 L - L YDECON 39
" 0uDECOIL.....AO..

DO 20 J-1.6 YDECON 41
KOUTPT(LI - KINPUTIII..... _______________________ DECON ---..42
III KINPUTIII ...IUll) 122'. 120. 122 YUKCON 43

120 m. IVoECON 41
* *D~-VECOPL.....4..

I. *IVUECON 41

1111111UT11 -.lCLAMKlI21.-:1Il.:L2L.. ___________________.Y KO . 48
IPKNUTII -CONNA) 20 1I .20 VDECOM 49

'C RIGHT ADJUST IN PIELD-- _________________Y ECON....So
IS IPI J-61 14,21.14 YUONCO SI

S00.13K.. K--.-.KOO... -... VUECOm. . 53
L2 LI 1 - YUO 8oco 4

I' KOUTPTI L2 I- KOUTPTI LS I VINECON 34
-.- L * I -# A... __________________ VOECON -.3?

ROO4-J *Nj VOTO A 58e 3KO~...EO - 1.S . .- V .YEcoN...59
001 K. . K. EDO VOECON 40-A

14 KOUTPTI L41 - 0 YDECON 42
GO To 21 .. ____________________YECON. 43

20 CONTINUE VOECON 644
......1CONTINUE - .. ___ ___________________vIEoN...4

TEND * .NUMECP YbECON 44

RitE OUTPUT TAPE 5s.1000, 'IAOPTIJ,0 J-1. lEIND) VUECON 48
REWINDo 5 . -~-. ...... --C6....9

C READ iINEGERl LEST VoECON TO
-.READ INPUT TAPE S.,1001.- -ARARRAI.LJI-AmU' umflYUECON .-.. ?
REWIND 5 VOECON 72

SO CLL UECDCP VOECON 74
NEX - NIX , . .. -- -. .VDECON..-i.s
GO T0130,51: MEl v yUCOm 74

........ 30 0O 3 t .1 I -NUMOCP.._____ VO_ ___________ ECON...- IT
31 PlIJ - PARRATIJI VUECON 18

1800 FORNATI72AII VOECON so
-... 0I 1 FORMAT 111III..... _________________________ V"ECon.. -- 1

END 6DCO 2
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SUMOUTINE4 PECDCf

SUSROUTINE *ECOCP aECoc, I
.COOMMONAODIMNT c 1PLUS-.,itlkwS-0101-CL2CONI&A.J-H -MAW, BIECDCFP.3

I KINPIJT. NUM0CP. PA4RAY, 1. L. NIX. N& OECOCP 3
P......QUlVALEMlCEJfu_ . m. nestac A_
EQUIVALENCE IAOUTPT. KOUTPTI OfCKCP 5
DIMENSION AOUTPT(712.. KOUTPTI?2.1. PARVLL KNUTT1DCC _
DIMENSION IDUNMYII1,OI. DUNY1301 DECDCP 7
NEX - NEX O9--______-
K -L DECOCP 9

----- o TIfLJS.0&.h _. n ECDCP ta-.J0
C DECOMPOSITION OF DECINAL AND EXPONENTIAL. NUINMSE DECOCP ll

.._ LIMIT DECOMPOSITSDON11 &AMNUIMEA ______________DECDCP ....13
SO IP(NUMDCP -611103.503.1102 DECOCP 1S

-.. 0..J -IDEC 6 A E0C0CPL14
lEND 1- zIDEC DECOCP Is

----- O Jo so.4......--L6
503 IDEC - NUMDCP DECOCP 17

, lEND - 12- NUMOCP ____________________ECOCP. to
504 IPII -?21 51.51,505 DECDCP 19

_._5O5 NEX* -2_________________ DECDCP._ 20
60 TO 300 0ECDCP 21

__slJIEL. A I ECDC9......2Z..
DO 100 N- NI, 10MG OECDCP 23

T 1* OECDCP...24
C SEARNCH FOR START OFNUMNEE DECCP 25

.. 51. IFIKINP UlTII lCLANEL..3Z.. 91- 42 bECOCP-.. 26
52 IF ,K INPUTI..- ICDANMA) 54. 53. 54 OECDCP 27

IF[ 1 ? 2) 510, 310. SOS DECOCP 29
54 NI *- ____________________ _OECDCP_...30
C STORE NUMBERS U1P TO DECIMAL POIN! OECOCP 31

-541 IFIKINPUTIII.1 - IDECPTIS,._ &S,5 DiCDCP.32
55 KDUTPTIMI - KINPUTINI of CDCP 33

N. N *1 DSCDCP 35
GO .0 70 41 ------- ._________________ ___DECDCP_.... 34

-C TEST FOR END OPF NUMBER DREPONENTIAI. DECOCP 37
..A0. IFIKINPUTILI ... E ___J__10. Mf DE CDCP.3EAl IPIKINPUTIII - IFLUS 1 62. 70.42 DEeCoCP 39

43 IPIKINPUT(II - SCOMMA 1 64. $0.44 DECDCP 41
-A4.I~tKINPUTIII-,-ISLANKLAS.A0AL.....806 DECOCP __42
C STORE DECIMAL POINT AND 14UMEERS DECDCP 43
.4 OTJTPtIMI - KINPUTIIIL.... ___________________ ECOCP.....44

I- l DECDCP 45

60 TO 40 DECDCP 47
C.. COMPLETE EXPONENT IAL-PIELD-. THtOGHAACM 1 -I 9 __DlCDCP _. 4:70 LOD - MI * 7 6C CP 49

DO 71 JI* M. LDOO . DECDCP .. 0S
71 KOUTPTIJII - 0 .DECDP SI-M MI n...E......
C.... STORE E IN LOCATIDN-9.-,-..-- -. DECDCP... - SA

KOUTPT(M! - 12 06r.DCP 54
*fl1711 -51 U-1,7 nyfluet -AS

72 I *' 1+ SEDCC.... TET O-SIGN OF- EXPONENT.- _____________________DECDC.c . 1T
73 IPIKINPUTISI-ININUSI 74. 76.74 DECDCP se

-.. 74LIFIKINPUTIII-IPLUS I TS.. 76-.7S..... -DECOCP...59
75 KOUTPT(M.11 - IPLUS DECDCP 40

C S TORE SIGN DECDCP 42

__7 ....2 OUTPTIM.II - KINPUTISI -
OECDCP ___6.3

1+I1 DECDCP 644
.- C I EST FOE END OP EXPONENT .~.-DECDCP - A5
77 IFIKINPUTII*1) - IBLANKI 76. 79s TE OECOCP AA
7BL(L -- Erep..., *.
79 KOUTPTIM.21 - 0 DECDCP AR

KOUTPTIM.3) A KINPUT I I)-.... DEC0CP_6.9
GO TO 792 DRCDCP 70

."I.19. KOUJTPTIM+2,1 _K INPUT II I_ OECDCP......11
EOUTPT M+31 K EINPUTfII*I DECDCP 72

M4 *i +l 12 DECOCP 74
GO TO 100 OEC0CP__I.S

C COM4PLETE DECIMAL FIELD DecocP, TA
-SD LDO -* *l " 1 --. --_____________ OCOCP -- ?I

DO ., .11 - N. ,LODi CECOCP Tis

.*I 12 OECDCP SO9
_ 100 CONTIHUE. - - -..... D _________________ ECOCP_.6.

C WRITE ALPHANUMERIC CHARACTERS OECDCP 42
..- WRITE OUTPUT TAPE- _DI0,I0~TLI.IL..~ .ECDCP -. 593

IPINUMDCP - bDEG 1 201. 201. 200 OECDGP 14

NI -NI * I lECOCP BA
[END -12-tNIJNOCP -Al1 -OECP... I
IDEC NUNDCP DEGDCP Is
GO TO 504 .. 0. DCDCP._ I

801l REWIND S DECDC 90

READ.INPUT TAP 5.1010. IARRAYIJI.J10 NUISCPI DECOGP 92
REWN. - ECDCP ..- 93

300 L - 0N ECDCP 94

RETURN lC____--__ NOCP is.9
1000 FORISAT172AII 1EDG 9
1010 F.ORMAT.16 DP'9T

ENO DEGOGP 91
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PC16600610 RESEACH3 CCRPC4AIICk FLAME SPEED CALCIILAIICA -AcUImII 2096 MOCIFIC*IIcm IOA M3 call 5111161

FUJEL RARE INN~lloss0U111141

- -- ~~~ ~~-- c-.-----.-g--.-- .. ..

.PUEL-CL.*S-RM11. - 0ELJ...ll GROUP NMBPER-~ IL-..- FUEPiL MENTION 5I.... .. 0

.. CAZA SCUPCI-RUAB0L I. .-........IPEPIPE&A1L CCl4CilICNS..&URXtSI.L.6.__

B.ANN WFMSaIVC AT *fItAbD r.ta*Tt ~fi A* (

--- -- ARIPUi-FLAMf-EVf ' CM.fls

*8fIIO&nUIILhULCBD" *'3 - -AMJE5ELC-CDM1MhIUI0ES, PER NOLEC' I* Cf 81
I 2.000

* 3.000

4 4.000
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EXPERIIMENTAL CAVA

P1811.61 IEPPERATCU8E 23.0 01G. C. P101081 PRESSUmE 160.0 Pii. PEACURT

ATCKS CF 000011. IC CCPPLEFTRLS CXJlOUR C14E PCLECULE OP FUEL 1.00

F1CLE PRACTICk CXVGEh ICAOICAN3 0.21CC o

VCLUPE PEA POLE CF FLEL 2.24149 04 CC. PEA GRAM-MOLE . . . . .

138 141 HECII (PAitRiC LNITSI 43.00
STATION06 IASUREEIi 1 2 J.. a
CIAFETER to-E*SLRED) 41.CCC 3C.CCC 21.CCO 14.000 6.500

_"1 IrleMK.L- 1C G G .. C C C .6000C .0.1CSSA* " s
EC AFIRER MCR.) 0.61538 0.45028 C.31520 C.21013 0.09714 0.
A CTIL&LJ611..it -- --PEEUC...O.C... - FASURCO LI.NGT(tCFAEfE1Wf_ it4.fGAM0O UNITS

Stil PEA 86PT. IPFASLREC. LNITSI 41.08

STITICI IFRASE.REIC 1 2 3 4 .

H-EIGT ICR.I 0. 0.2CCCC 0.4CCCO C.60000 0.000CC 0.93016
CIAPETfARECII.,L.... 0.01.29. -C..*IC2BL. 0.31520.Q 2 2 3 .09 3 4 . ..
ACI4IAI. LINGTi- CF REFERENCE 4.CCCCC CM. FCASLAED LENGTI,1 CF REFERENCE 266.SOCOO' UNITS

131 FEAR HEICI+T IMEASUREOýLNITSI 45.00
S* tC-fPESRC 1 2. 3 31 1 0 .. J . A UA 0 L..J._ .... I -

CIAPETER IMEASUEEEI 42.0CC 3I.COO 22.0CC 13.000 8.000

CIARIETR ICR.) 0.43516 0.446601 0.33210 C.22684 0.12098 0.
ACTLALI 116011. SF RFPSRF~dI1 I - -1- (. PFASEIFI LENG1TH CF RI0EERECE ;00.100011 1Jml is

736 PEAK HEIGHT IFCA SUR9EC.-Ij041.L 127101..___-- - - - -

STATION (FEASUREOI 1 2 3 4 1 4
* CAFE.EAPESCIOI.....4.C0.3IOC..4.00..A8.00 .11500_1.59*30._ __________

10IGT ICR.I 0. 0.2CCCC 0.4CCCO C.60000 0.80000 1.00000 1.09991
rlaRROR10. 0611 400 110 O-IZ32 0,08.l.JJ~fl22- 0-

ACTUAL LENGTH- CF REFERENCE 4.00000 CF. PEASURED L.1..011 OF REFERENCE 265.30C00 UNITS

139 FEtAf HEIGHT IFEASURED L.NITSI 13.00
_OTATICI. . IPEASI,.6E01.... _1-. - 2... ...... _4.... .. .
CIAFROER IMEASI.EEE) 41.3CC 32.5OC 2S.CCO 18.500 11.S00 3.S00

£14116766 (CF.) 0.62524 0.48S64 0.37665 C.27872 0.17326 0.08256 0.
-.. ACTUAL LENGTC1..CF REFERENCE~- 4.COCCC.C- ..-... PEASU660 LENGTI CF REFE91PICE .- 245.30000 -.UNITS

1`40 FEAK I-EIGHT IPEASLREC UNITS) 73.00
STAIICfE IPFEASURECJ.1- 1 2 3 4 5 A
CIAPETER IPEASLKECI 42.5CC 34.COO 26.CCO 19.00C 12.500 7.000
"1.I ckI-r (CP.3.). 0. 0.2CCCC 0.4CCCO C.60C00 0.80000 1.00000 1.11732-
CIIFETER ICR. I 0.03315 C.SC652 0.3e134 C.28305 0.10622 0.10426 0.
P...C IAI. LFNC11. CF REFERENCE 4.CCCCL....CP.......?LASLAEO, LLNOGT.1..-OFf.ERENC.E--.6....S.2.68.3G00U II.........

141 FEAR HELIGHT (PEASUAED tNITS ). ..T1..00. . - . - --ý ~
10A0I01. IFEASC8EO' 3 2 3 4 5 6
AIEFTZER IPFEA3LREOJ..-- - 4.CC.C 34.C00 2?.CCO 21.000 15.0CC .. 0C... .... -

r.POE I 0. 1.01 .OE2.G32j....-..C240L..0..24300O..OZ7la 0..
ACTLAL LENGTI CF REFERENCE 4.00000 CR. FEASURED LENGTh CF REFERENCE 241.50000 UNITS

142 FEAR HEIGHT IFEASUREC UNITS) 68.co
-STAT.10k IPAEASLICR'I ------- 1 - 2.. -
CIAMETER IFEASUREOI 44.000 37.CCC 30.300 24.000 17.500. 13.000 1.000
1.10.1 tc 1 I 0 1 'CC..4CC0.&0O0.000..i000..12C0a8 1-1104R
CIPFETER (CH.) 0.6954S 0.55121 0.45438 0.35154 0.26071 0.19367 0.10428 0.

* - ... C1ULLU02r.C.GE.ERNC.~......00.CP--C..... R.PEASUR1C..LiNG1IH OF REERENCE- ..260-5-.C.0LG0.jNITS

-.U k._ FU6LFLC4. OXDN - LO ----3FL0. ROLF FRACTION.... NCLUIME.IIC)L...... CCNE..AAEL_.. _FL APL-SP.EE0..1GU13VALENCE-..
[CC./SEC) ICC.ISRCI INHIBITO0R ICC./SEC) ISO. CM.) (CR./SECI RATIO

71111 1- -1 .000 -I -001 2%lQ1 -10 0000 10.50 1.30406

734 91.40000 131.30000 0. 249.64099 0.09899 217.68911 1.38499
731fice ...- 1-C 1317.1tec _ _- 21321. .0-.913010. .. 2 .fiL 149 .

138 124.00000 131.30000 0. 205.22602 1.09941 259.43550 2.15031
_'.1 2tc -IUm _214 2.0491.fl_.. -2.3lja E.-
740 124.OOCCC 114.5CCeo 0. 262.52146 1.19208 227.46842 2.934231

742 124.OGCCC 14.OCcoo 0. 229.22812 1.43902 119.ZC407 3.43300
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PLOPI spieI CIJI CVA 68

CCUFMICIXIS STANCAND [CUIVAL6SE RAuto NAXIMM
AsA. CfYSAIJC$I. £j-#4#XFL41.5p1lfC..-. FLANE SPUR--

-l.h1016 Ca 1.56491 Ca -3.21181 02 4.16566 01 1.5129 1.12288 218.0456

Bull *01J190LE#6Cl 61611.6 PAIOICTIC DciVIAI IONPININ

M3 1.3c41 $54.13is 255.3638 -0.6324 -0.2416
IM* I.Sag Ii71 -t4t Mi8 i2 jJf L066~ ...
131 1.6459 214.1141 S15.6516 -1.1669 -0.4250

138.3214 341.0795 346.2192 0.61063 0.use

743 8.1660 201556 *0.2344. -0.0191-.34
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APPENDIX B

Fortrav. rogram and Samnpile Printouts
for Routine FSR



ROUTINE FSR

PLANE SPEED REGRESSION CALCULATIONS

062-215 10000 1 0.5. MBCTIGI RINGROSE P5*1 I

BEGRSSAIBON ROUTINE 1922A NAC-DloN ABN SR

C, NOMEMCLATU5K PS 6

.C CGGIK.EIIV) INPUT LIST OF PRESPECIFISO CONTaIM91o FI-tR IL
C COEFFICIENTS FPSk 9

f g2  
£qs~f PRSPCIPIFEOl COEFFICIENTS ;lk i

C DISPEED AIA i

C ONII MNAME LIST OF DEPENDENT 6VARIABlElj= fl COMPONEN
__________________ I TERALPUL LIST OF CNTIUO COUNTS1

I PNI AND PNZ IRST ANU SECOND HALVSO ul AE NTPD PE IPNLIA FF NPITPAIJ F I4

i ~ M -FN'lN FIRST AND SECOND HALVES OF ACCEPTED FUEL FIR Ill

C NAMES LIST PF K IA
C GNLIJI -INPUT TAPE LIST OF CONTRIBUTOR NAMES PSA 19

-DATA SERIAL NTII4S1 INDEX F/ P RJ
-F FUEL CLASS NUMBER (ON TAPE) PIEk 21

RR HVUL 'ROUP NUBE IO AEI ~E
!N S DATA SOURCE NUMBER !ON TAPEjD PSR i24k

Et- EXPERIMENTAL CONOI ,N NUMBE ION T APEI PSR 2S
I._ PCPN -NUMBER OF ENTRIES IN INPUT LIST OF ACCEPTABLE FIR1 -26

C FUEL CLASS NUMBERS FIR .'T
C IPCTC - UMMER OF ENTRIES IN INPUT LIST OF CONDITIONAL R
C TEST CRTI E" IA R

C IPCTC3 NUMBER OP CQONITIONAL TESTS + 3 P51 30
C IPOV NUMBER SF DEPENDENT VARIABLES ITO BE REGIESSED FSR 31
C IPCuC NUMBERI OP ENTRIES IN IEDVIrN LIST OP FSN 32
C PRESPECIFIED COEFFICIENTS PSi 33

C IPGFN HUMIER OF EEISI N~ ITO CEEBE Pk 3CFUEL CLASS-GR OUP NUMBERS 'FIR 315
IC SF1PI NURSER OF DA. GROUPS ON TAPE 2 FSR 36
C IPlurN NUMRER OF DUAL ENTRIES IN INPUT LIST OF PSR 31

C UNTRA UIBUltO TESTIS F SR 30
C HES16t:5 VALUE OF CONTRIBUTOR NUMBER INDEX FIR 39
IPLAC NUN! E F UL ENTRIES IN INU CII01RM

I NTEGERD ro OERIE RE AGRESSION FIRI.PR 41

C DATA F R AZ
I PM -U NUBR OP INDEFEROENr VRIABLES FOR REGRESSION FIR 43

C IPMC -NMER OFF PRTPCDIIIED"CAOEIFFICIENTS IN $ kk
REGRESSION DATA FSR 45

IPMPN NUMBEI OP 'aREXI INPU ITQ
'U'NACCE PITALE FUELI MEMEER NUAMBERS Ws .1

C PM-NUMBER OP ACCEPTED DATA GROUPS FOR REORESSION FIR 46
CC i R.CL -NURSE OFENTIES1 IN INPUT LIST OF DECIM1l. P.IE 49

C D~~rA TO ~OVERAIDE REGRESSION Co'.O AT I E

C IPSFN M URDER OF ENTRIES IN INPU LITO CETABLE PA 1
C DATA SERIJAL MURDE RS PSI

C 1PM - DATA GROUP SERIAL NUMBER ION TIPPI FIR 53
.i CONTRIBUTOR NUMBER INDEX FSR 54

C J.I{ J2 X. L. -IDCE N 55

C JGTN - ONTRIT.UlOR COUNT TEST NUMBER FIR ST
c - JINu, - CONTKIBU¶LJR STATES P54 isB
c I-1 POSSIBLE, 0 - ONIT. N, UE FIR 39
C 2 -INCLUDE (COEFFICIENT PRB CFEDI FSR AD

C NUMBER PSR 63
C DN-DEPENDENT VARIABLE NUN4ERATOR IDENTIFICATION FSR 64

C NUMSBE - SR AS
C ESFE -DEPENDENT VARIABLE SCALE FACTOR EXPONENT FIR AM

C LCUCCNIED -IN PUT LIST OP EED'
LCCNIMI LST P CCPD NTE OTOR NUMBERS HAVING !R N?PRE SPECPeD EF ENS S

C LCPNIED INPUT LIST OF ACCEPTABLE FUEL CLASS NUMBERSN PSK 49
C CCCIKV -IPU IS FCONTRITUTOR CODE NUMBERS HAYIN ---- 70-i

C PREESPEC IF IED Coe FFICIENTS FSR 71
C LCTCtKI - INPUT LIST OF CONDITIONAL TESTI CRITERIA FIR 12

C LDVDIKDVI - INPUTI LIST OP DEPENDENT VARIABLE DENOMINATOR :sR 13
c NUMBERS Ph 1S 4
C LDVNIEDV) - INPUT LIST OF DEPENDENT VARIABLE NUM.ERATOR FIR 713
C NUNNERS FSR TA
C LFGCCNIKI - INPUT TAPE LIST OF CONTRIBUTOR COO~i NUMBERS SE TI?

; AVING POSITIVE COUNTS PSR TB
LFIK) -INPUT LIST OP ACCEPTABLE FUEL CLASS-CROUP FI 9

i GRIK - UNNE RS.F COTIBTRD

C LGTNIJI - PUL L LISTO OTIUO COUN TEI NUN'E F PSK B
to - OMIT, I-A CEP. A EBtGRU IF FR O
COUNT NOT LERO. 3 - REJECT GROUP P COUNT PE 8

C ZERO, 4 0O 9 vt513O~ TESTSKP 61k
C LIGTCMIEI - INPUTI LIST OF CONTRIBUTOR NUMBERS H4AVING COUNT FIR as

TESTbL ENTRIES FI I
C LIGTNIKI - INPUT LIST OF CONTRIBUTOR COURT TEST NUMBERS SkR IT

CE 1 D-MOIV TO NRER OF ENTRY PAISO tt 4,
C PRESFECIFIED Re :RES$SION COEAFF ICI ENTS PSE B9
C LI-VCwNIMI - LIST OP ACCEPTED INENDT POT INUON FIR 90

C LMFNII.Kl - UBESPR 92

C MEMBER NUMBERS FIR 93
C LORIFNINI I LST OF ACCEPE DATA SERI'AL NUMBES FSKWYA
C LRCIEI .- IPUT LIST OPOERRD ING INTEGERERIREGRESSION FIR 9b5

C. CONTROL DAIA FI V

C t~cilli MiATPELP IN 11ER1R1 T1111910 0 .11
T

A SR -08
C N-INDEX OF ACCEPTED CONTRIBUTORS WITHOUT FIR 99
C PRESFCFE OFIINSVEb
C Ne -INDEX UF ACCEPTED CONTRIBUTORS WITH FSiR 1411

C II .L IpTL DAT il ~ fF
C of 11 CIITPII FIM IERT

I'[X" ACCITED ROU NMi
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-- ROUTINE PSI

ICONTINUMD

LIM -WPI0ED REGRESSION CALCULATIONS

_______ I0 - ALL SICM ACETAL SR 105
1.2.leC - IT. .OffC ACCEPASLEI S 10

NEC PTS PRigitTAL CITON$ NUMBERPS 0

1 OL -ORE ACEPSI PSi 109l

C NOLIRI - COLUMN HUEAAIN-GS NFOR INEPON CO51 ENRBTR PSI 110

C RIK _________________-___ TABL INTEGER REGRESSION 111IL

C SER -RUN I llER P t

C ýNNZIE __-_SUMUA.ATICSUOPONER AESPPS 11

C NMIl CUMULI.TVIV SUN OP ;ERO VALUES OF CONTRIBUTOR PSilk 117)

c COUNT IONDE IN, PSit ILS

c CNICI CETBE NEEQN OTIUP NMAES PR 1E9

c 2 1S LL1Pt~ EPPI CI N FSk 12E~~~E~iT~LISTU INDOENEN CONTRIBUTOR COUNTSPS 12

C PPAIL HO _IISTNVLOI NIAO S 2
I . AC OALE 1.- UNACCEPTABLE I FSA 124

cITOPI MALEEK CAN DATA F 1-
- DEPNDENI TYABILE 81FO 0 AFTER P 2

C____ _________ SCEFIIEEU ~S-TME Nfl FIR 127

C 71111 -K VAiIMUM AISSOLUTE VALUE OF ENCOUNTEREDPS 18

COMMON INT. DEC, IC. Jll. J2. J3, ARNIH. -U P18 130

DIP.ENS 10, N INTII DEC"L 132COIU11 0J1200): 0161, DM1161, FGCJ12001.
1DCIMNSION GEL30I 'NU0l N1101 PHNISI HSR1

2Gý201 UDNLI1DUI. OP FNI Q0CL03. TMEI1O) PSIR 133

S JI 10i OIt LCCCNI50). LCPNIZDI. LCUCCNISD22012 LCTIRI PSI 13k

4t LITTUIIOl, LIINIIUI. LPSCCNIVOI, LQF '240 1. ELOTNIZOOJ&I, PSI L56

LIG 1 * I. GTN 0* I~~l.L CIOD.LMN .Bl ,PS 3:LOKISFN[ 3001,LII11 L~fI Cl, LSINlSO3.02 .NI OII) S 3

79 NR1,IMI~. COENIIODD PSI 134

C SETUP OP COLUMNHEAD-kINGS P01 INDEPENDENT CONTRIBUTORS TABLE PSFIN 14.1

C- PSfI 142
OU 19..DPI 143

IVNOLIRI *K PSI 144
PFA IL * 0.0 PSI 143kb

REWIND 7 PSI 146

iLAfITO 6 PSIR 148

C SETUP FOR SCALE FACTOR CALCULATIONS F1 IS'. 'It
CSit 151

2.0 DC. f21 1.10 PSI 15d

21 UP, 111111 1 9R * ~ I~jVS 0.0 PSIj ON

I USS..LE. I OMT ILL HELUE SISE

2 INCNLUDE ICOEPPICIENTL PRESPECIFIEDI FIA IS?

2 3-- 1il I - P S I 16

READ AND PRINT INPUT DATA PSIN 162

1 GENERAL 
FIR 163
P SI 164

C- I CARD READING WR 165I

READ INPUT TAPE 2. 1001 PSI 167
P SI 16'

C J CARD READING PSI 169
C SI ITO7

READ INPUT TAPE 2. 1006 f~k 171
F SI 172

C I CARD READING 
PSI 1 73

C PFlE 174

RFlED INPUT TAPE 2. 1000,PSI ETA

11 MIII. F2DV,..SFN,IPCFN.IPGFN.IPKPN.N$DS.klC.IPIGTN. 
PSR ITO

ICC PC', IP IClIP~j. LAST PS 7 I1
ýRITI OUrPUTR TAP , 1010 P. 17

9 MIII 
PIR 179

WRITE -OUTPUT TAPE 3. 10o1 PSIR 1800

WRITE OUTPUT TAPE 3., pll. F PS I8

9 N ILK. IPOV, IPJ. NOS, NEC, IPSFN, IPCPN P SNI 182

9WRITE OUTPUT IAPE 3 .11.hPI

IFGN. PME. IIDT. ICTC IPCL.IPLC PIl 184

TEST FOR ND ENTRIES IN DATA SERIAL NUMBER INPUT LIST PSI 186s

______________________________________SI 187
IF IIP!SPNIV24,30.23 PSI , IB

C AUI . .E.E PSI 8

C PSI 19

*C L CARD READING P S-I192
C SI 193

Is kEA76 INPUT TAPE 2. * 11,, PSIR 14

WITEII OUTPUT TAPE 3. 1013 FR 196

WRIT I OUTPUT TAPE 3 'l1030, PSI 197

C F_ PSI_199

-C- -t1 TT VO -N 5L N TRI1ES IN FUEL CLASS NUORE INPUT LIST PS at00

-c30 IF IIPEFNI 24,32,311Rl s

C FIR 205

-'fA~ TotrivPAof- 27 Tolirn PSI 204

QRITE OUtPU T PR S. 10th FSR 204
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ROUTINE PSI

PLANE SPIED REGRESSION CALCULATIONS 

]

S •WRITE OUTPUT 'APE 3. 1030. F '

TEST FOR NO ENTRIES IN FUEL CLASS-GROUP NUMIER INPUT LIST F 1
"32 IF IIPGFMl 24.341$3 PSIa 214

CARD EADINIG1 FIR 216S33 READ INPUT TAPE 2. 1O04 . FSRK LI

9 ILDFNI1.K}.LGFNI2EIK)2-i.110F441 PER 219!

WRITE OUTPUT TAPE 3, 1015 PhA 220
WRIIE OTPUT TAPE A. X040,

V ILGPNiI.KItLGPNIS.RK.e.Ih|PGFN) E 2

TEST FOR NO ENTRIES IN FUEL CLASS-GIOUP-NEN NUMBER INPUT LIST 224

34 IF IIPMFNNI 24.40.05 PR 226
c FPIE 22
C 0 CARD READING FPR 22W

S35 READ INPUT TAPE 2, 1000. 
Hil 111

9 ILMFN(1.RK)LtFNi .FI.LRFNIS.E)KIE.IPMFNPI PK 231
WRITR OUTPUT TAPE 3, IO6A PER 232

WRITE OUTPUT TAPE 3. 1039. FPR 233
9 | LMFN I .K eLNFNI(2.)E.LMINM3.K IK PNFN) I P ýi3

- TEST FOR NO ENIRIES IN CONTRIBUTOR TEST INPUT LIST PFIR 236
c PERi 231

40 IF (IPIGTNI 24.55.41 FPR 43d
C FSE 239
C P CARD READING PR 24U

41 READ INPUT TAPE 2. 1000. PER 2R2
9 ILIGTCNIEI.LIGTNIK),KI,.IPIGTN) PER. 243
MRITE OUTPUT TAPE 3. 101FSR 244
.RITE OUTPUT TAPE 3. 1031. FPR. 243

N TLIGTCNIKI.LIGTNIKI.KEi|IPIGTNI FIR 246
C SET UP COMPLETE LIST OF CONTAIRUTOR COUNT TEST NURRERS PIE 2

-0- OMIT FSR 24,
C -I- ACCEPT FSPLE 4
C - 2 - REJECT GROUP IF COUNT NOT ZERO FSR 250

3 - 3 - REJECT GROUP IF COUNT ZERO EE K_2EkI
C - 4 TO 9 - CONDITIONAL TESTS FPS 252

00 48 R Sql P1N
J1 - LIGTCNI KI
IF IK - IPIGTNI 44.43.42 SEl.__5I

C PAUSE REMOVED FSA 236
42 CoITINqE PSIR 25PER 331

SET CUNIRIRUTOR CODE NUMBER LIMIT PER 239
PSI 21(1

43 J3 IPJ PIE 215

GO TO 45 FIR 253

SREAJUST UPPER LIMIT TO NOT OVERLAP NEXT FIELD •L I
C PER 265

44 J2 - LIGTCNIKEI1 - I PER 26i
C PEýR 46?
C STORE CUNTIRBUTOR COUNT TEST NUMBERS IN SEQUENCE FSR 266

45 OU 4 J .Jh. J2 F K 0,5

LGTNIJI . LIGTNI(K FSK 211
IF ILGTNIJI) 441.47.4 FIR 212
PAUSE RENOVED FSR 2T3

46 CONT INUE PIE 314

41 jailJ *S 748 CONTINUE

C FSPR 2T?
C TEST FOR NO ENTRIES IN CONODTIONAL TEST CRITERIA LIST FSR 2a?
C PFR 2IV

50 IF IIPCTCI 24.55,51 PSR 0
II IPCTC3 - IPCTC * I SIR 3R

CFR 2H .
C 0 CARD READING FIR 283

C I R 2O4
READ INPUT TAPE 2. 5ODD. PER 215

I ILCTCIKI•K.4.IPCTC3) FIR 286
ORI Tt 01 PIJ IAPE .1 0 H ;

WNIte OUTUT TAPE 3. 1010. PSA
9 (LCTCIRIKR.K4.PCTC$I PSR 2! 9

'C FEE 390

C SET UP ESSO REGRESSION CONTROL DATA PER 21,€ ' ~~FSR VZ

C INITIALIZE WITH STANDARD VALUES OF DECINAL OUANTITIES 9Ft 9

55 RCCLtI) - 0.001 FIR 2St
RCCL12 : 0.0oooo2 FSRt 2V6

I RCCLI f 0.00001 FEE 297
CLPE 3 39Wf

INITIALIZE WITH STANDARO VALUES OF INTEGER QUANTITIE FSPR 29.
FIR 300

OU 16 K..I1, FSR 301
36 LACCIKI - i 3

LRCCISI * A FIR 303

C FIR 460

S TES, FOR NO ENTRIES IN DECINAL OVERRIDE LIST W, 'A.

C 
PR 3 0 9

G Ni REAUIN O -"-5 1IR l

C SUBSTITUTE UVERRI0INI, DECIMAL VALUES III
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ROUTINE PI ITIEI

FLAME SPEED REGRESSION CALCULATI 0NS

57 READ INPUT TAPE 2, 2-001.PS 1
9 ~~~ 316(K.-13

S TEST FOR NO ENTRIES IN INTEGER OVERRIDe LISTPS T.

5B IF I IfRC J,6jI, 1t)
PI 3~ 20

S CARD READING HEft "I'l

19 REALD INPUT TAPE 2.. F000. PI 123L

C N (NKCIIRI2.2RCRlI.R).K IPLRCI PINl 324

C SUBSTITUTE OVERIDINII INTEGER VALUES PSE-.0 3I

C

C PRINTOUT OP ESSO REGRESSION CONTROL NUMBER LIST Pi 51322
PIFR 333

41 WRItL OUTPUT -TAPE 3. 1014 - PIE 334
WRITE OUTPUT TAPE 3, t032. Pit 33
9 IECCLIKI.K.I,3I.ILRCCIR),K.4.IGI PSE 3-3 .6

CF PSE 33?

C SET UP LIST OP DEPENDENT VARIABLE CODE NUMBERS ANDNUER PPS 8
C ORSPDODING PaEpBCIPIED REGRESSION COEMIC I=EN OF PSE 353

AS G O 67 EDV - S.IPDV FSR 34

PL L342
c T CARD READING PIE_ 343
C PSki 144

READ INPUT TAPE, . 100.22 
4N LDVNIKDVI,'LDVO(IED¶I.LIPCGCIEOVI PSRF 4

C PSE 347
C TEST POE NO PRESPECIFIED REGRESSION COEPPICIENTS PF!k 348.
C PSR 34-V

IF ILIPCGCIKUV)l 24.67.66 PIE 33$0
66 jEcOC 6 LIPCGClKGVI PIE 3VA1

C PIE 3S2
C U CARS ASSIIUERENTS ,

C PIELk 354

660 CALL INPUT PIE 353
M -0 PSR ým

LINNB E. 1OI PI FS ?

IF I LIMIT -IPCGCI 662. 662. 661PI 39
661 LIMIT - IICU4. . PI 360
662ýQq A0 63 1L . 01, LIMIT PIE hKAki

E.N*M I PIE 362

'CG'CI.KY ITI PSR J63
663 C CEI'K, M.ýlfl)2 V RUHCR FS P 4 64

IP I LIMIT - IPCGCI 660. 67. 67PI 361
67 CONTINUE PSIE 366

C PiEa 37
C START OP FIRST TAPE A PASS PI 068

T HEADING READING PIE it
C PIE 371

100 READ INPUT TAPE 6. 1002 PIE 32

C, INDIVIDUAL DAO RU EDN I 31

RELAD INPUT TAPE 6. 1003. IPI P iE 316
GI-L) - 1.0. PIE 37?
N -0 PIE 378
00 190 I.-1,PI PIF 7
RI AD INPUT TAPE 6, 1004, .pR LE
N F II NPN FP21!!CPN.IGPNIF. INDSINEC.IDIEI.E.2.6) PIE 3811

I IPFU .ILFGCZNI r.G LI.E.PGC PISE 3:2
c TEST POE OA(A GROUP SEEIAL NUMBER SEQUENLE PIE 3,4

IF II- SF"' 104,106,1.4 PI 3261
C PAUSE REMOVED PIE 387

104 COONTINUE F* PIE 388
C ________I SEN

C TEST POE LIMIT OP 300 ACCEPTABLE DTifIEP -6 7FC -76

C AUlO ERNOVED' PIEs NOktl
15CONTINUR O PIE 35

L OT PPAIL 50PI 35
GO t70190 f r.1,36

C STAMI TOsiING SEQUENCE POE ACCEPTABLE REGRESSION DATAPI k
C PIE 399

1I1PIPIE G.120,112 F% 40
C PAUSE REMOVED PI 6S 01

GIll CON ITNUE- -Ff.4

c TEST POR UNCP TABL DAAGOPSRA-UEIF 404
C P IR 405

112 DO 113 E - SIPSPNF D
IF (I - LIPEIRI) 113,050,113 PIEK 40?

115 CONTINUR PIE -1"
120 IF (IPSCFNI .L.12....

l EST POX ACCEPTABLE PUEL CLASS NUMBER PIE 411

P511W-4 f2
I2 Do K 122 *j I CFN ____________________________SE 4E3

W-14 104N-CUIWFI 122.123.122 Pit NE4-
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ROUTINE FSR
____________________IcOTIUII

FLAN SPEE 0IGISI CALCULATIONS

123 IF IIPGFNI I11.126.A24 FSI 41?

S TEST FOR ACCPAL FUl LS-i P ISEat W5 __W
124 00 1l l 2671±!PqN F 1R42

I I N-LGF 1"I, 1) 125.1241,125 5R2
1241 IF IIGFN-L FN12,RII 125.126.12S S
I., 'ON~ NUSFI 424

GO 10 190 Pl 2
126 IF IIPMFNI L11,130,127 FSlt 426

C ES FS ACCEPTABL.E FUEL CLASS-GROUP-MgNSER WINNERS FS: 42:

127 D0 126 K.1.IPMFN FIR 430

-1271 IF (IGFN-LMFNI2.KfiHIleli slf H12'8.'

1.j" 2IF JIIFN- LMFN13.KlI 128.190.126 FPS.K 4 .).
128 CONTINUE FSE 414

130 IF PQI UIIILL135LL
3
1 FS 434ýM

-L_ý_ _ FIR 436
TEST FOR CCPAEDTASOURCE NUMIBER fi 437

131 IF [INOS F UI15.141PIR 43 9

135 IF IrJCCII.1013, FIR 440
CFSSS 441

C TESW FOR ACCEPTA5I.1 EXPERIMENTAL CONDITIONS NUNBEE FIR 44i
C FIR '43

1I m I IFL(NeC - "Fr) 190,140.190 FIXR 444

fR si 443,
C YOST FOR AUNFIL OPENDTN VARIABLE FISA 446

C FIR 445*
140 10 142 FS91.PO , 4

K LORNIRHlOpVI FSK 45U
IF 10,611.014,1.110.141 FIR! 441

1.41 L OV LI VRY FSit 452

142CU7IINI SI 454

150 IF tIPIGIN)It -1.B.3 I..43

T____LT jFOR CONIRIBUTOk COUNT TESTS F iR 41!
C FIR" 435

"1Z FGIJIJ - 0.0 FA 46U
005 14,3 K..IIffUC PER 44L

LISCC f N(K) FIR 462
S~aSECITIUTF SUBR Fit 463

cUISR FROM GROUP BEING TESTED P555 464_

C1ý~~li,7fG FIR 464

ri 124 .K4.9 
FSR 447

MIR u FIX 468
154 NNfiIKS - 0 FIR 469

OPERATIUNS ON CONTRIBUTOR COUNT? TEST NURBERS gg .4,0

00 165 .3*1,F FIR 473
JGTN -Ls.7011" FSR 474

C FIR 474
C CONTRIBUTOR COUNT TEST 2 - ONLY 15153 COUNTS ACCEPTED FIR 416

IF FSKY 47316.3.171
196 I F ICIJS101390PSI 479

C -FIR 460
C CONTRIBUTOR COUMNT ff~TEST -NLY NON-ZERO COUNTS AC&EPTlD PSI 451

-C CONTRIBUTOR (COUNT TEST 4 TO 9 FIR 452

157 IF (JbTN - 33 158.159.160 FSR 4:4
C PAUSE REMOVE PSit 4 5

15: CONTINUE PSk 456
139 IF SFGCJIJII 165,L90.165 PSI 147
L60 IF IFGCJI.551 161,162,161 FIR 448

c SUM UF NON-ZERO VALUES OF INDEX IJGTNI .SR 496
C FIR 491

161 ýNN2iJG7N) - NNZIJGINI * I FIR 49Z
aO TO 1 64 F SR 493

C SR 494

C SUM OF IERO VALUES OF INDEX IJGTHI P5K, 493
C P15 496

162 NLI1JGTNI - NIIJGTNI - I R _9
165 CONTINUE SR 49*IF ISPCICI 111.160.111 F $ 499)

P55 3S 00
c ETFOR CONDEITIONAL CONTRIBUTORt COUNT TESTS S 40

171 0O 114 K.41!PC7C3 FIR 303
IF tLCIC(KRSI 172.175.113 PSA 3534

,12 I F INlIKI LLTCIEII FIR 3159 10!
173 IF (NNOIRI - HCC.I1611.7 I 0

IT11 CON TI Nut ; 1 2

C CALCULATIONS ON ACCEFTABLE DATA GROUPS FIR 409

ISO DO 182 X.1 IPFFC FSR 511

C FIR sis

C JiNiJ LiTHLR -IO 01 0
C PN ______________________ , 5164

- IF IJINIJI * 2 Is 1 1 1,112 5__I
lot J 144j I - I P151 IP a
LIZ CUNfitUT WSI blf

LOESFI~t. :iH;
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RtOUTINE P53

FLA14E SPEED REGRESSION CALCULATIONS

SETUP OFPDESIRED DEPENDENT VAAIAOLN PS! 02

DO 189 EDT . I.IPOV W l

KODVI OIE PSk 025

PDVO - LI3VGCDIE F533 526

TEST FOR NO PRESPECIPIED CGEFFICIENTSPI 030 bi
C PSI i21

IF IIPC3)CI 111.189.L$4 P1U "2
IS4 D0 LOU K.I.IPFGC. PSI 003

J3 - LF0CCNI3T3 PSR 534
C PS k5
C TEST ONLY 1HOSE CONTRIBUTORS WHICH ARE NOT TO BE ONITTED Hs.Ili!A
-C PSI 03'?

IF ?1111.3 1 18.8..... PIK S3W
NLIiL I ;. IPC32C PSK t.31C ls0 . PFIR 0ý40

TEST EACH IUfRBUO 11N HRU S

-IP 1.3 LCUCCNIL.EDVI3 166.I8?.IS6 PSI b,41
-- SEA CUNT 1740 PSR 0944

GO to to# PSR W4.

C ADJUST VALUE OP DEPENDENT VARIABLE ;55. 04?
PSI 044

IA V * CCLK.EVI*P3CLIKI PlSk 049
18CNIN UE4W~ PSI 500

C DETERMINE MAXIMUM VALUE OF Y FORL SCALING TO FIT E550 OUTPUT F533 552
C PSIlh

[E9 TMXIKUV3 MAX1IFTMXIKDVI.ABSFIVIIPS 5

P12ON11 P12 PSI 33i6

190 COTINU PSI ifs
1[P; 1 N PSI 00W

C PSI 562
C CEND OP FIRST TAPC 6 PASS PSI- 0ý6
C F Sit 54
C TEST F0 OR ACPABEDT P13 A

IF SIPMI V1NE191.12 SI OA
CS P b33098

C DIAG3.OSTIC - N0 DATAACCEPTAOLE -PROCESS NEXT RUN P S. 6

191 WgRITE OTPUT TAPt 3. 1025 S 01

C SI 573
C PRINT LIST OP ACCEPTABLE DATA SERIAL NUMBER AND FUEL NMAES PSI Pi4
C PSI Sys

192 LRCC131 - IPM PSI 516

RITE OUTPUT TAPE 3. 1022 P SI OT
193 IRITE OUTPUT TAPE 3, 1.34. Fst t

9 (LOKSFM3NI.PFNILIN). P12LINI. N-1. IPNI P.SI :,T

C TEST F019 DIA6NOSTIC PRINTOUT - FIRST 300 DATA GROUPS USED PSI SB1

9. If FIPATL 3.03 200.194.200 PSI 083ol
94WIE OUPUT TAPE , 1027 P133584
PPAIL - 0.0 PSI SOS

C . SK 0 86

C QENERATIOTI UP ESSO REGRESSION INPUT DATA PSI saT

C SET UP UEPENDENI VARIABLE ;SR 079~v
C PSA 090

100 DU 300 2 6OV1.PV PSIR 051

K2DVD * L2VUIROVl 
IT, CIC LT 3ICCEV

IF I IPCGC) 24.ý200 PSI 0.9
206 Do 207 J:10.IPJ FSM 096
201 CGCJ IJ * 0.3 PSI 3I

SET UP LIST OP PRESPECSIFED COEFFICIENTS PS! 1299

00 209 K "GICC FSPI 6331
J - LCGCCNIK.EDVI FR 63320-j
CGCJSJ3 - CGCII.EOnVI .. FSI ' 01---- IF WINIJ) - 11 '0, 0,.0 FI !-6q 604

C PSI 6336

I SEI JINtJI - 2 FOR CONTRIBUTORS WITH SPECIFIED COEFFICIENTS ONLY FSA 0633
C F S3 601

208 J173.3 - 2 PSI 3)08
209 CONTINUE PSI 6010

P FSt 610
OfTTIRINE NUMBER OP INDEPENDENT VARIABLES PCI REGRESSION PSI t. t

-- ? 0PSI 613

PC - FS4P5R614
go 213 .I.193p3 PFSI 61

C 0 sit 616
C 1ES1 FOR STATES OP CONlIRIUIDE & 1

C PSI-6120
C NCIMNTNUMBER OP WTPIENTEM VARIABLES SNDEX P5.3t 621

C Psit 629
211 . toN*

LIVCNM, W
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RUINE FCTINE

FLAME SPEED RIGRESSION CALCULATIONS

%MILIMI *GNLIJI
GO TO 213 PE 626

C INCREMENT NUMBER OF FaESPICIFIED COEFFICIENTS INDEX FH!
F51._ 429

12 C * "C F A P 6E 630

OCG1.C -NLIJI 
FS&ak3• LCCCN|/MCI IEN 632

EFIXN ! 634

IPMC 1 MC --- 633
C FSK 636
C TEST FOE EXCEEDING LIMNT OF DEPENDENT VARIAILES COUNT OF ESO FPI 637
C REURESSION PROGRAM ISE 638

EG~t WPIE -- 6391

IF lIPE5-•) 220,22U.216 Is, 64U
216 PFAIL - I.U FIR _ 64L

0m TO 2.0 PSK 642
C FSPE 643
Z FINAL MAKEUP OF ESSO REGRESSION CONTROL DATA FSE 644

C Fl 64 S
220 LRCC, III KDV FPSi 64 .

LRCC(2) - PMN - I FSE 64I
LkCCI(3 IPN' FSK 648

c FSA 649
C WRITE TITLE AND CONTROL DATA FOR REGRESSION ANALYSIS FE 630

lRITL OUTPUT TAPE 7. 1006 PlE .2
WRITE OUTPUT TAPE 7. 1007T IRCCLIKI.KE.*31. ILECCIKI.KE.E.SI fSk 653

C OFSWl 334
I START OF SECOND TAPE 6 PASS PE 6S5S
C FEN 636

1"1U INPUT rAPE 1 . 1602 FIR 697
R1AD INPUT TAPE 6, 1003. lPI FIR 6ý5

C CALCULATION OF DEPENDENT VARIABLE SCALE FACTOR FSI 660

KSFE •0 FSK 662

C 2 EDUCE POWER OF EU UNTIL YMA LESS THAN 1OU. FSP 664
C FPS 66b

221 IF IYMX0KDV I 1O00.3 223,222,222 FSE 666
222 YMXIKUVI - VXIK 1 .0I)Vi 10.0467

KSFE - KSFL - I FSi 668
(H) TO 221 FPt 669

C FIR 610

C INCREASE POWER OF 10 UNTIL TRX GREATER THAN E0oo FSP b67

223 IF IYMIIKUVI 1300.0) 224,230,230 fSE 671
224 KSFE - K5FC - FSkI 614

YMXIKUV),- |*O.OYNXIKUVI PK 6!5
GO TU 223 PWE '66

C FSR 677
C CHOOSE ATCeP•IARLE DATA UROUPS FAUN TAPE F-S 678C FIR *T9

230 UO aSS NA ' EIPN F i 6a0
231 READ INPUT TAPE 6, 004, FPI 681

9 ISFNFNSFN2,ICFMIGFFNIFMINDS. NICCIDIOIK)R-lBI FSK 682
I *IPFC,(ILFUCCNIK),FG LIKEIE IIPFGCI FSP 683

C FIR 684
TEST FOR ACCEPTABLE SERIAL NUMBERS

IF IISFN - LOKSFNINI) 231.235.232 PSI 687
C PAUSE REMOVbO FIR 688

232 CONTINUE FSP 689
235 OU 236 J - E,IPJ FIR 690236 FUCJJ 0, R 69

!3K - I,,,,oc PIE 6"

J - LFGCCNIKI FSI 693
237 FGCJIJI - FUCLIKI FPR 694

C FIN 69S
C PREPARE LIST OF INDEPENDENT CONTRIBUTOR COUNTS FIR 696
C FIR 697

00 238 M * ,IPAM FPK 698
J . LIVCNIMI FIR 699

238 OPLIMI - FGCJIJ) PER TOO
C FPI 701

C CALCULATION OF DEPENDENT VARIABLE FS. foi
C FIR 703

240 Y - UIKDVNI/DIKDVOI FSR 104
C FSR 105TIES FOE NO PRESPECIFIID COEFFICIENT5 S TS

C FIR 707
IF IIPMCI 241,25•,242 8

C PAUSE MLMOVED FIR 709
,241 CONT INIUE PSK TEO

242 00 743 MC * SIPMC FSR IlIE
J3 - LCCCNIMC) I i

C FIR 713

C DEPENDENT VARIABLE ADJUSTMENTEON PRESPICIPIED COIFFIGIENTS fiE i14

C243 Y - Y : CGJifil.FGCJIJI I L

C FI IlEl
-C-•-' NOENT VARIABLE SCALING FSI-E aIl

C FSIR 7L92 Y0 V - YeO.U..I-KSFEI FSPI--zb-

NWRITE 0AlA FUR REGRESSION ANALYSIS M, ;T
_FPI 723

, "-- 0 i•- sJiT +A .E 10CR, 11PM, IOPLI.I *10 b.*IPMIV leFI - Z4'
255 CUIITINUE Fs_ P as

AIND Of SECOND FAPk 6 PASS L L
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ROUTINI

IFLAME SPEED REGRESSION CALCUL.ATIONS

60WRITE OUTPUT TAPE 3, 1010., FSK 734

WRITE OUTPUT IAPE 3. 1020, PIE 736

IF IIPCO.CI 24.262.261 P1K 'I
261 WRITE OUTPUT TAPE 3. 1021 F&

9 IPAC PIR 140
WRITE GOJIPUT TAPE Flk__:tPSK.

( LCGCCNIK.KOVI.COCIK.KOVS.K.1.IPCGCI P1K 742

TEST FOR NO INDLEPNUENI VARIABLES PFK H .44

262 IF IIPMI 270.270,263 P3k 746

C PRINTOUT OF INDEPENDENT CONIRIEU1IORS bill TEIK ER SSN P39511iK 748
CINDICSPK 4

C P1K. 41 t9
263 WRITE OUTPUT TAPE 3 0j23 F P5 711- WRITE OUTPUT TAPE 3. 1033, P1K 152

V INOLIK)I.K-1.101F.S ______________________

PRINT OUT FIRST 9 P1 753"'

M2 - XHIN0FIV.IPMI P3K 7.7?t
WRITE OUTPUT TAPE 3, 1036. F 1 7$8

9 IL.VCNII.,OGNL1I.J N.S.N21 PK 79
IF I1PM - 9) 270,270,265PS 76

26S 141 - IPM/1PW 76
C P5W 762
C PRINT OUT IN SEQUENCES OP 10 FIR--U 163

CS P3 764
00 266 LN * I.141 P3K 765s
ME - 10-LN FSR 166

Kl 'HMIOF IME9.PM P3 76
266 WRITiE ýIOUTPUT AP1E 3,".13-1. FIR 168

9 t 2 LIC(MI.OGNLMlM. M.MI.M21 P5W sk 7,69
270 IF IIPMCI 26.!280.y27 FSRi 70

C PSK 771
C- PRINTOU IOFTOAMES OF CONTRIBUTORS WHICH HAVE PRESPECIPIED FIR 072

CCOE FlICI NS Pis77
c FSK 71'4

27, WRT UTlPUT TAP=E 3. 1024P1 77
141 I . A IIFMC - F10PK 776
510 272 171.1 141P1 777
MCI 4 1 1- 9 FSR 178

9 ICCNICI OONIFIMC-MC1,MC2I FIR 7I1
280 IF (PPAIL - 1.01 290.2E1.290 rME /82

C PIR TE3
r DIAGNOSTIC - CAP!ITY OF REGRESSIUN ROUTIEEXEEE FRK 784
C PIEk 785

281 WRITE OUToPUT TAPE 3. 1026 P3 786
"FFAIL *.0 P3K 787
GO TO 2901 S 76

WIRIt 769

INTAPE - 7 PIE 792
C CALL. ESSO KEGRESSION PROGRAM PSK 793

CS P ? 94
CALL 13104 11 NAPE) psk 195,

2901 00 300 1. ",IP IFISR 796
IF (JINIJI - 2) 300.292.291 P5Kt 7 9?-

c PASE EMOVDP3K '198
291 CONTINUE FIR 794
292 JINIJ) - I FSR 4100
300 CONTINUE PIE SOL

C FS A 602
C- TEST POR END OP CALCUL.ATIONS FSK 603

P3K 804
302 IFILAST)301.20,301 FIR 403
301 KEW40II 7 PIE $06

REWIND 6 S u

WAITE OUTPUT TAPE 3, 2000 FI 10
'U TO 20 PSK 809

C FSIO 1
C FORMAF STATEMENTS FIR Ott

CFSR 812
1000 FORMA I 811 1K 8

1002 FORMAT 1720 FISR d 614

1 I PK &I7
103 OMA0IH 616 I s--fl

9 ftRU I6,A6,5I6.1FsEI2.4,I&/I1 16EZ41. .4.I6,etz.4,I6. P3K 620
1E12.4,16.E12.4, 16.E12.411 P1K 821

loo' 'IRMAT lf-if 82
4 I,.U 91.6,A61111M 6X.A6,6X.A6.60.A6,67,A6,60.AA.6R6X,666.6RA ,4 P SKt 823

1006 FORMAT 1711PK

1007 FORMAl I 3PL.SIJLj3IIS.137121 FIR A21
IUSE~~ 16E12]3I.I~Et IRZ.411 PFSI(E211

N1I. 3,9TNHAN,! RESE1ARCH OPOl 14FaM SPEED l§REMESlIO VIe 83

10101 -ltl ROUTINE 102 2 1. HOIICAIO bJZRN14



RUTINE FSP

ICOUITIWAOI

FLAIE SPEED REGRESSION CALCULATIONS

9 1149.107A BHPRONLEM I. I FSR 053
1000 FORIMATISHU3OSHUN 14.?x 32HNUMBEA OF PROBLEMS IN THIS RUN 14E FOR 814

1 .A 40 l1ES N IU E IN USE T 17 1iS

" "0. NOHACCEPTABLE EXPERIMENIAL coNlIrIONS NUMR!q 14 P FSO 037
I4 37X. 44'ENTAI E TO RE ROAD FROM THE INPUT DATA CA3OS F'- 035

1 140 34 kp OFA5JY! MITNMS4'NR ES - 91Rj13
6 200. OTOLIST SIGNIFICANCE I FSR 040
7 IM0 6A. 3M-L- 141.14. IX. 40H- UNACCEPTABLE DATA GROUP 5E11A FIB 841
OL NUMAERS / 2FI 04Z

9 IH . 6X. ]Lh-M_.+.•-_,AX 831N- AKkPrABLE FUEL CLASS NUMBERS I FSR 043IMl FORMAT M -I" 44ý

9 114 I .i. 314-N- 1414.tO -ACEPTALE FUEL CLASSAGRMY NU FSR 1 4k"-M- E S /IN b6X.3H-O-.I4AI4,@X, 46h- UNACCEPTABLE FUEL-CLASS-S!OUP- 'FR "46
ZMEMIER NUMBR F"IN , 6*, 34-F- 141,14, 00, 304- CONTRIBUTOR COUNT TEST NNUBERS 848
A/ 14 * 6X0 34-U-_1_.54. 80, 314- CUNDiIIONAL COUNT T1SX CRIII3! FIR 049
SA /I1 6X, 3H-1- 14X.146, BA, 444- OVERRIDING DECIMAL REGRESSION FIR 850

CLOUROL OATA /FIR 01
7 14 . 6X. 3h-S- 14X.14, 80. 44H- OVERRIDING INTEGER REGRESSION FSK-- 8
aCONTROL UATA I AS)

'1013 FORMAT ; 614
9 ItHl. l0x. 46HLIST UF UNACCEPTABLE DATA GROUP SERIAL NUMBERS /I FISK aS

14 FORMT FIR 56
9 1140. OX1. 3THLIST OF ACCEPTABLE FUEL CLASS NUMBERS 11 FSK 037

1015FORMA FIR BA
lU16 914Ht LOX, 43HLIST OF ACCEPTABLE FUEL CLASS-GROUP NUMBERS I I FSR 039
1016 FORMAT FIR 060

9 (IOt ID0, S2HLI$T OF UNACCEPTABLE FUEL CLASS-GROUP-MEMBER PSMER --- FSR._. 04
IS /) FSR 062

tug? FORMAT FSR 863
9 1120! •o. .1HLIST OP CONTRIBUTOR CUUNT TESTS /I Rd• 64

089 FORM• .1,. 2THLIST OF COUNT TEST CRITERIA /I F 866
IUI9 FORMAT FSR A86

9 5140, Z1H0 SS0 REGRESSION CONTROL LIST /I FSK-6"6
1020 P00M41 FSK. 069

V 14,480. I PS f O0
I I 5d '0ox, ZMOEPENDENT VARIABLE - A6.1/ A6. 4H X0O I Fl, I

1021 FORMAT F R a.?
9 1I40.100. 6hMINUS 14. 304 CONTRIAUTIONS OF THE FOLLO0N|N / FIR 0.13

1 14 *1U0,694L5I OP CONTRIBUTOR f Ok l NUMBERS OITN TREIR PRESPECIF FSIR 74
ZMED COEFFICIENTS /I FIR 867

1022 FU1414AI FAR Oi6
9 5141. lox. ASHLISI OF ACCEPTED FATA SERIAL NUMBERS AND FUEL NAMES FIR 7
I /I FOR ETA

1021 FORMAT FSR 7T9
9 5IH. lox0 7 HLIST OF INOEPONOENT CONTRIBUTORS 010H THEIR CORREIS FSI--b
|ION4NG REGRESSIOag INDICIES /1 FIR 005

1s24 FORMAT FSR as8

1V.loU 53MLIST OF CONTRIBUTORS HAVING PRESPECIFIED COEFFICIEM FRSA R83

0023 FORMAT FIR 88s
S5140, lAOX. 18.N0 ACCEPTABLE IOTA I 'IE 86

0026 FORMAT FIR 0AT
,A5., 1O.X 39HCAPACITY OF REGRESSION ROUTINE EXCEEDED I FSR 880

1?27 FORMAT FIR 889
. 5140, lox. 46DONLY THE FIRST 300 ACCEPTABLE DATA GROUPS USED I FSR B9o

1030 FORMAT FIN 891

9 514 , 1.I a 1861 FS4 5
1031 FORMAT FSR 891

954 0I0X. 16.13,1iA,13.16,13.t6.13.16.13.16.13.16.13,16.13,16.13. FSR 894

116.13.16.13.16.13 1 FIR 09S

1032 FURMAK FIR 896

9 ItH 000 31F10.S.3XJ1 0O0, 14. 713 _ FIR 891"1-033 FORMAT FIR AR
9 I14 I 10. b16.02EO*4*.11124 16.EIE2.4* 16.E12. I6AE02.4.HI FSR `99

S16.R12.4 S FIR 900

1034 FORMAT FSIR O0
10. 1S.X1312A6.IS.OX0,A6. IS1X1.2A6, ISA.2A6. FIR 9O0

1 1S,10f246 , IS.0E.2A6 I FIR 903
0035 FORMAT FKR 904

3 IH . 5K. 19. 91LL) FSR 903

9 (10 * 200. 91l4.1O.A6)) FIR 9071037 FORMAl FIR 908

9 114 , 20XI,709114,1X.A6)1 
FSK g09

1038 FORRAr FIR 910

9 $IN4, 9. 0A14.lx.A6)1 FS. 909
1039 FOrMAl FIR 902

9 119 t O, 10. 4.34I 12,34 / 00. 18.34 / 50.34I 12! FIR 901
2 18,3,MES 1.341/ 10H I /. I0,H / 12, FIR 914

2 IR!EHIr 13HI 121 N~S 111:13H Ii IFS L

g ~ ~ ?I *lt * I l. 7 IT 1:3. 57mI 1 St- 7 lE Ki 13. FI 4
118,3H / 12,3leH / 12, 10,3 H / 11,3 / l• 1 l2 1 FIR Vl --

7000 FORMATIIMO. *SXf 2OSREXCUIION COMPLEIED I FIR V91

2010 FORMAT 1F11. 0 IViLi
END FSI 921
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MULTIPLE LINEAR RtEGRESSION CALCULATIONS

* LIST&

CSO SSO RLGRESSIDN SUBAOUTTI N 60 MO 4 - T-SSO4 2
C PKESPECIFI0 INU T A 1ECI .IIi ESS04 4

INPUTkI W T 0 115BCA CTOSIS04 s
SUBEUI IDUTE ESS04 I INTAPEI ______________ ESS04 I.
DIMENSION DATA160I.VECTORI6O,T60I.AVE(60),SI 0MAI60.OIN66,CO GENIOIS6N SO44 7'

It 60) . INDJID ______ ____ L.S104____ a
DIMENSION kAII0IAUI .OECI 101). PIMTI2U . NEAO1121 L5504 9
REWINU INT& P, !SIO24 1
KLAD INPUT TAPE INIAPE, 4100.IMEAD(III..,L2I ESSCI
1, EAD INPULT TAPE INTAPI.___ _I_ _. ______________ -kSS04 la

I OL.EFSN.APOUI.NOPROO.INVAE.MOOATA.IPWiT.IPSTEP tSSU4 13
_________________ _____________________________IýTSS04 14

'SSGAI
N NUSE 195041 167

IWT16T * INVAR 2 k SS04 0.
GO TO I I01, 502I.INDATA LSS04 19

W0 RITE OUTPUT ]AP I. -e. 'I0sso- 20
N . 71.L EFIN.EPOUr NPROD, INVAR.,NO0AtA.IFWT.IFDTEP IS110 2T1, IRAW.I IAv I RET~WPE0Ic1 H104 1

102 DO 4020 1-1,INVAR ESS04 24

C 1701 * 1.IHEN ALL WNTS - 1.0 ESS04 26
I IPSTI' P * 1. 0 NUT PRINT EA sIP ESSO4 21Z

C IrA I DO NOr PATINI RAW SUMS AND SQUARES ESS04 29
o FVE, oNo RN UsRAE ESS0 29

C IFRESD -1 0o Nor PRINT RESIDUAL SUMS SQUARES 01104 30
C 1 ~ 7 DM NOT . R.0 T PARL. T IAL COE--ICIENTS 04SO4 35
C I701 FPR 1 DO No CALC PREDICTED VALUES ESS04 32
C T FCT ST I 1 0 NOT HAVE CONST TERM IN EQUATION 11504 33
C I NOAIA 1 . LIST INPUT DATA ON (APE 3 ESSO4 34

NOI ESS104 35
VAR *0 tISO4 31k
K .0 1: 5Sok 37
FLEVEL - 0 05504 35I
IJUENT 0 ESS104 39

NTNNOR 05S04 40
NUNA I I ESS04 41.
NOVAE * INVAR ESS0ON 42

TJV~ * OVA *E ~S04 43
tID I0 101* NVP1 ESS04. 44

-TybDOu 120 .5 - 1, NVP1 S04 4
120 VkCTUIEII.J) . 0. 0 ESSOZ 4I
121 RLWINO 8 13504 41
14D 17117011 900.1 500 1ESS104 48
966iil DUEPU 7603 90S 0SO4 4i

60 TO 91U ESSO4 50
L50 INPIUT *NOVAK * I ES4-;

00 570 N I . NODATA ES SO4 52
1AD READ INPUT TAPE I NTAPE.3000, IAECAJJ.I, 1-1, NPUT I BISON 53

RU DCNRNE ESSO4 54

GATAITOVA,, * DECIIDEPSE) l04 36.0IN 162 'S .IPYL....... ___

11.F( I NRUAN Y16S ,163. 5611 ES;O4 5b

5121 SF11 -IEPSELIL62_L_113,j6I2 
-lk S

1G.5 UiATAiJ) UfCIJ) ESS04 60

161 WRITE TAPE d,IOAtALTL. L - S. NOVAR).RUN E5504O' 63L

(;O To I 162. 180),INUATA ESSO4 64
162 WRITE OUTPUT IAPL 3. ____________ BSONL AS

9 15 , RUN. I UATAILI ,.LS 1 NOVAE I ESS04 66
580 Do 190 1 . I. NOVAE ESS04 b?

200 VECTORII. NOVA AK El1 VECTOEII. NOVAK * 11 O ATAIII 01104 68
210 DO 220 J5 - I ' NOV Alt 1:504 69220 VECTOR 11.J) - VECTOk(II.JI -DAJN(IE - DATAIJI ESSO4 g
190 CONT.INUE 01104LL 7k
L70 VECTORINVPS, NVPEI - VECTORINVPI. NYPLI 4 5.0 ESS04 72
230 GO To 5A E65 7

C t.CALCULATION4 GUMS WHIEN VA..A.LE IJEIIMIIS 0104 74
ODINPUT TTNVAR +2 01104 7s
00D 510 N * . OUATA OSON4 76

!,20 READ INPUT TAFT INTAPE.3000 .,j~kCi~ll 1-1, INPUT) 01104 11

"'N1 FSS104 ?y
RUN - EC, DUNEC.104 7

DATATNVAR) *DCIDEPSE) gsSO 80s

00 5204 041 IPT IO 82
Si. FI .5 NANE 321.,24 2Ei 83

F2 1 JF . IOEPT S 202. 20, 6 202 15504 84
S22 - WINO16TI 5203. 5204. 5203 11104 8

S0 AAJI-DECIJ) I SO. 86

j5 I -5* 011 ý 04 or
S204 CONTINUE 01104ý as
3121 WRITE TAPE 8,IDATAIL , L - 1, NDVARI.RUN LSS04 _c9

GO TU I S2,2, 3301,ENOATA ESS04 90

9 51 'A" R N. IUATAII . L --I. NOVAR 1 '212'
530 DO 549 I ! h. NOVA E104 93
310 VECTOR lI.NOVAR * II - VECTOR 11. NOVAE 1)I DATA III NMI 01104 9#4

56 E 40 J5 - It NOVAE 01104 93
34D VTCTOE IS._1 * ECTOR It. J)*i~i II *DAA15* I T OlSON 4 96
!310 VECTO I ~VP A NVP 11O RES TR~OP.MPf O?9

C ISTORAUBE IN LOCATION. 6VECIO IUjJ. THESE WILL BE PRINTEDut not ISSO4 99
C TAPE 3 UNDERCON4TROL OP STTEMENT t00 £ss104TOO

t03 NOV51I - IJOVAK - I _____________________SSOL.J01
Iirib~P * OV6 V i8104 &02

RB MIU INTAPI"r.

E UTPUT TAO3, 5003.INEADIII. 1 1. 21

8o



SUBROUTINE 15504i

MULTIPLE LINEAR REGRESSION CALCULATIONS

56 RIEOUPTIAPI'3. 90,.011aP08 01DA11 NOVAR. VSKTOINOVPL, 0

50 WRITL OUTPUT TAP,& 33. E1S. I004 toy
-AV WRITE OUTPUT TAPE3 Q It. VECTOR It, NOVOL), I M OVIIII IssOk &&a

600 WRITE OUTPUT TAPE 3. 2b. VECTOR [NOVAK. NOVPLI Ls......J 04 I.
616 -9-tITI OUTPUT TAPE 3, 30 SO 12
620 WKIIIOTURITE OUTPUT TAP3 3
640_WR ITE OUTrPUT TAPE 3, 45, VECTOR INUVAR. NOVAR) SI t
- 0( TO 650 E1504 116

C CALCULATION2 1OP t E~I L SUNS OP SQUARES AND CROSS PRODUCTS RSSO l

Sj50 VIPZCNftI 90,6S31.7S' ESS04 119
52WITE OUT.P~ TA11PE .0 3,S0 124
GO TO 910 ESSO4 212

65 0 660 1 1. NOVAE SOR2
670 00 640 j1. NOVEAER ES04 123

-66WTR .V ORII,.II - IVECTOKIINOVPLI VICO JMVO E fU4 12i.
- / VECTOR II1OVPLNOVPLII kSS04 125

680 DO 640 1 1 *INJAWE R3504 126

69 VEI VCOI'.NOVPL131/ VFC TOR 1 .1VPL. OVPL I LSS04 127
w7 S 1TFIAvcf 900 71. 535ESS04. 128
I10 WRITE output 1OP .30 E S SO 12V

72 WIT UTUTTAE3, H0, .1. A11.1). I - 1, NOVMII- 15504IA
13-0 -R-ITL OUTPUT TAPt 3. 25. AVEINOVAR) ~Slot 1,31

090 I FRO) 90. 740. TA0 E1954 13,
?40 WAITE OUTPUT TAE3 5ESS04 133
-Y0OIow E OGUTPUT-1 !P 13, : I,.VCOITJINVE,..VI SO 3
760 WRITE OUTPUT TAPEE 340 IEiVECT R911 1011A8 I,IINo""E 1510 103 L
71 WRITE OUTPUT TAP 3, 43, VE TONVA. N E ESS04 L36
7110 NSTP E * -1 E SSO4 131
lei ASSIGN 1320 10 NUMBER ESIN 138b
'182 DEP A . VECIORINOVPL.NOVPLI - 1.0 ESS04 139
190 OU 800 1 - 1,NOVAK
791 IPIVECTOR41.IlI 792,9,1 05304 141
792 WRITE OUTPUT TAPE , 7;9ý3,~t t$504 142

9 1 -ISKS04 1743

GO0 To 910 [330X 1,;
793 PORMAT (3111 ERROR RESIDUAL SQUARE VARIABLE 14,21N IS NEGATIVEPEOS ESSO'. 145~ILEAIERMINATED I ES14I-144.
794 WRITE OUTPUT TAP 3,195, I ASSO4 147
190 SIUMAIII pf* I. 51004 14
TV? 00 TO 001u ESSO'. 149
795 FUR"ATIIVI"UI AIAL $5042 TISOSATI SO' 3
A10 $IMII ... SUETP IVECTOR 11.11) 155 04 "11

o 'f6AIiT.7 I - 1.0 rASoSi0
b20 00 83U I * ,N0181 k3104 is$
11640 PIl - I - I I~S tO 4-i;
b41 00 830 j * IINVAE ESS04 133.

40 AC, 1I,5115VECTETJ kill 3IMIT IGMAIJI) 31330 I'll
8030 VECTgRI..111T IE VRCTEIJl A$S04 IS?
860 IF IIPON 900 870, 100 . 81 0 158

- 90 IIITE OUTPUT TAPE 3. 6016

875 00 803 1 - 1. N0VM2 ESS04 16L
08 Tel I 1 ES8S04 16i

WAR.WITE OUTPUT TAPE 3, 351.ITJ.VECTOII ITl J1. PIDM 1 8004 160
690 WRIEi OUTPUT TAPE 3. 40, II.VECTORIOAR,.1NV"1 ESSON 1647

100 NO4TSTEP ESO 1610O' F 'VECTURI NOVAR,NOVAEII 1002,1002.1OI0 tSO 6
1002' STPHI MOST TEP - I ISSO4 167

,REITA OUTPUT TAPE 3, 1004, NSTPMI 81104 1i68
01 To I311 f$SS4 169

1010 SlOT - SIGNAINOVARI - SQBTP IVECTDBIMUVAR.10OVARIW OSPRI ESS04 -110

1(.16 IF TUOE 1 1011,1011, 1020 ESSO4 1T2
10117 WRITE OUIPUT TAPE 3. 1019. NOSTEP '1I0 ITO-k700'; TO 10!01 81504 174
1020 VEIN 0 0.0 150.75
-1030 VMAX *0.0 RSS0 116
U35 RUIN0 

H,10H40 00130 1 OW I NUVNI Io 1H
10411 IF.IVECTOR1% ,111,1 1042.1LI0!0,00 ESSON 179
1U42 1%TE OUPTTP 3, 1044. NOSTEP 811S04 I80
1QL43 00 TO 910 .5L04 LSI
1060 I IECTOVTTII - TOLl 1050,1080,1080 1134 182
1000 VAR - E* RIMVR VECTURINOVAR.11 I VECTON11.TT

1010o IFIVA:I1iIUU.IUS0LL 111N1114
11,00 NoT I *4 NOT + IESO 18
-1120 INDEXINOIIII I ESSO% L66
1100 COCNINOII V0COI.OAO*SA~EVR $BAII 10 8

11 0 SIFGVN, M10 TURN, IT04

904 WRITE OUTPUT TAPE 3. 906ESO 9
6.0 to 910 ESS04 192

1170 VEIN - VAR EIAS4 193
Leo0 TOMIN - I SO 19
11 GOTo10500

1160 IF 1VAR - V141 %IIU,1030,1170 11b. HH
1110 IF IVAR - VMAOIIO3.Uý1030.1210 IESSO 19L
1210 VEAX VAR 1004 198
1220 NUMAX I ES5504L~ i9..
1F0 50 CONTINUE ES 04 200

030 WaI TL OU TPUT P 0R 31 907;
GO TO 910 tSSI4-203L

1240 WRITE OUIPUT TAPE 3,6S9 SIGY 11111 4 204
1260 w1 TO 1330 ______________________ ASSO'. 20
1U435I IIPVOCNit) 9100,1200,E246 lON A



MULTIPLE LINEAR REGRESSION CALCULATIONS

H1211, CNSI S CNST ICOEMIII * AVOIJI 21

t31 IFINONII1)1,131.11)SSO4, 214

-1311 WRITE OUTPUT TAPE 3. 91.N05189. K X1S04 215S
131.2 04O TO 1314 ESS04 2L6

981(11 OUTPUT 18,Fj , 2 1 11124 ",1
OU l .I $GV.CNST. 10 28

I IIND EAIJ) ONJIIOCJIJIRATIO JI.J.1.MOIN I -- 1110.4 2 2196
Ills GO TO u A.C. I1320.15001)810 20

130FEEL - VNIN * UEFK / VECTORIE (VAkM.OVARI iO -
M1330 RINFIR PLEVEL I L350, 1350, "1134) 6SSU4 222
1 j40 K N2MUIN ~1 2

Go TO 1391 1S104 221,
131)0 FLVL -98 UEFE / I9KCTORi iIAlN0VARI- 90681 E JfO -T26

13160 IF lAPIN - FI.EVELI 1370. 1361.1380 11104 227
13J61 IF (LFINI 1360.1300.1370 e1104 326
1370 K - N0066 ESS04 229

0130 81118!- K 1104u 231)

1391 IFIKI 1392.,3ýf2139 5.40 NoS504 231
12WRIT UFUTP 493. 139E. E019KSSO4

1394 GO0 TO 910 ESS04 233
1400 D0 1410 I . 1,90998 81104 234
1420 IF Il-K) 1430.1410130 1 Sot a3__
430O DO 1440 J - 1. MNOVAE 13104 B36
1430 IF 13-R 14314016SSO4 23
1F460 -V-ECTORIJ * EE8I.I VECTOI1KI *K VECTOR IK.JI I VECTOR t1S04'U 239

1440 CONTINUE kS104 240
1410 CONTINUE E1104 241

*T~o00140 -1. NOVAE L10 243f
1490 IF (I-RI 1500,1480.1500 E1104 243
1500 VECTORK 11,R) * - ul V 1CO 1,K) VECTOR (KvK) tSS4 e344
!"80 CONT 1801 8104 241
Y1o 0 . 2 .6 L52 1. NOVAE 61104 246
1?33 IF (3-Il '*-14 0.L15O140 1 I04 N4110 ,CTOR(K.Is VEC TONR13 ETR 11 10 4
1120_CONTýINUA ESS04 249

Tu VCT6I.K I .0 / VECTDKIK.K) 1150 s31

1360 310 TO 1000 81104-5 23
138 WRIHNT~E- 019.1 TAPE 3, -71. 61004 253

9 90119j104 23
1381 IF(IFSFEP) 900.1181.1170 8SS04 21,4

11,70 ASSIGN 118 0801111047 i 231
119 so Go 1ESS6104 217

1182REWIO 0ESS504 239
1581 WRftC OUTPUT TAPE1 3, 85 11504 260u

CUMIUII - 0. is 0SI 26J
1590 00 1660 N * . 8061 .1104 262
1600 READ TAPE #.(DATAIII 1. 8A). R0N 1114 23

1610 YOKED - CNIT ES 4 6
20Z 00 1630 I ! 1.9018 .I O 610 S36

1640 K . 18010111 f114 ioi
1630 1988.E 0 991 *PE COENIII O ATA(K) 11104 267
1610 (1EV 1 O4AINOVARI - "I'mE114 6

161 WRT O T APE69 3.80 . EUN.O6AIANOVARi YPRED0, DIEV. CW(SUN' 81104 270
910 IF ACCOMULA TOR OV ERFLOW 6000,6001 I110 711
6001 IF Q0011691 OVE RILOW 6000.6002 11104 272
6002 IF DIVIDE CHICK G00.1,00 . M10j
6030 WRITE 00TP01 TAPE 3, 6004 IS114 ,
100 CONTINUE .10 7

6004 FOMMATI79HOVIEW RESULTS WITH SKEPTC S. _W Fo~w.%g ga 019 1110ý4 277
1100 CHECK HAS 01108111.1I 111041 278

C MN..-110 7FO M0AT 13F10.S. 315, IN 1012ý zoo428

6 FORMATI
. IN1 , 3110.1 . 315, 1N , 1012 1II

11 FORVMAI I 9,111., 812.1 I 11104 28411 FORMAT (1946 SU6SFSA1H.1IR150 281

20Fi MTd 1 IEM SUN XI 12,361 '. 112.4.89H I0 I; S231 jd 104 866

1 P SM 6121.361 .812.4.86 SUM X1120H) 12.
25 ORl(17 SUN 1 .6112 .41 M . ;1
30 FOEMZAT1LHO 709 RAW SUN 0. SQU4ARIS A 1110O4 289

180 COS FEOOUCTS/1 I ES504 290
35 FORMAT (1N ?h 0113.7"I VS Mg136 H) M1.A. . 15504 291-

1 69 0(1 ,18I VS X112,391 8116.1504 292
2 66 112.11V 1F31*156 I 50 9

-40 F ORMAT 119 ? 7 f 01 2,1 V.1r1.. 554 9

I 69 0121291 VS Y 116 ESSO4 291
2 6 1121281, VS , .115. 104 29

45 FORMAT (14" 219- 0 VS V9 EI .56) F.5104 291
50 FOMMAT (1M6063 AVERAGE VALU OF lSS04 2985

- V88,14LE1/I I '0 .299
0.. FRAI ho? H RESIDUAL SUMS 09 soul I1N0 300

-VII M9 CU'SI FIEO0UCT$//) ESS04 30.L
60FO..AT(1H06R99 PARTIAL. CORMELATI E1SO 30

-ON COEFIC1NI/II$0S4 30:1
615 FORMAT (319 17680680 KIEROR OF V F 12.6 E! 1C"1t1104
T0 FORMAT III9 Y LVE F12.4/259S TAQH lI~ $Q

I O NSTANT 1.010 AIAL M AEF9 I4IN I4G ERA 104 306
208 OF COEF 179 COEF/Slb EREOR /1 (16" .8- (311S, D
33LIS.31 51043118D

is FORMAT LOSiCUM FL 1U,1j5 ON ,STEP OF 81081 08 104 309
l-- fdRmjcf(2HI 1P 18RG SSON MIN2 REMALIM ,a 420 flNo9 9 k10 1
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SUAROUTINE ZSUK

LMUIPE LINEAR ReGRE55Iom rALCULATIONS

II~a~lodp O.3,, "Wv~ALLE REMOVED 18 IM Il

13 FEMAII S RUNFG.O314 FlO. S *34 FlO. S I 00534 F 10.5. Fib

5.384 ~ 0 NU E E5~it#
454OR A' (14 It A uI OF DAA. SO LONG.. SO 1
I0 FORMAT121 8 RRO . IN CONTEOLLCAR~s PROBLEM4 TERMINATED) RISSC .420

140 44NE11443744V SQUARE NO-OET I RM AESjjP 1 51 ESSO4 323
19011i 21RM"All llMO2V1 NO NOS DEGAEE IREO ITEP IS ESS04 324
10:4 FOR NT110"EG1ATIE 104. $O0 J.444 STIPS) ESS04 132s

13 OM *if SOLNG) S42

Ij~* 0 CORRELATION COEFFICIETSURDFOAI ~ j
S003 FURMATj 04415 21., 1211 1 SO 2
44,00 AA F I,,,iIi)A ESS4 £3080 FORMAT17X F F12.5.2X.F12.5.3U. I..2 25'p~~IESU4 M0

45 SWUN)T RUM431 NO CTA REDICTED DIAt~iv S"S~S154 E~' 3S(,0D rORMAT! &F12.50 tSS'£3
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MIATORSAA Cikio4F2 iiON FLA ~ME SF6KEGRLSSIOM- itOU2INE 192 30IFi~AiffNE RUN 3-

KUMi 3 NUMAdl OF PAOIALEMS IN rHIS RUN 3 HIGHET CONTRIAUTOR COD NUBE IN USE EMj'_

E NTRXES -TOF Al READ_ FROM TH- INPUT DATA CA

CA"D typFe MUNSI Of ENTRIES LIST S16NIFICANCE

0 -UN4ACCEPTABLE DATA GROUP SERIAL NUMBERS
*11 U ACEPJB0 FUEL CLASS NUO4BERS _____ ______________

-N- - AC ALE FUEL CLASS-GROUP NUH8RREA

-1-~~ * VERDN ITG RFGRESSION CONTROL "ATA_____

L IST OF CONIRLIUTOAk COUNT TJESTS
1 9 37 4 4

LIST OF COUNT TEST CRITERIA

ESS EGRESSION CONTROL lIST

LIST OF ACCEPTCD DATA SIEKIAL NURAERS AND FUEL NAMES
.LG l"Mi....L.A PRPN .. . ULANL. A NpkNTANE_ 6- A-NEXANE,- 1 NHEFTANE

A TI!_OCTA.UR 4 N-DECA14E to "I-U4DECAXE__iL .4-ltRI UECATIE 12 ISOOUTANE I3 ISO-FENTATII

-P a=".LNAM XLANk=___NJ
23 234MLPENTANIL 21 224N Ff.NTA14C 22 225MENEXANE 23 CYCLOFROPANE 24 CYCLOFENTRE 23 CYCLONEXANE
2 .6 4ECTCPEIRFANL 21 MECVCHEXANE . 211 I2!%CYCýHEX,ýC-. 94 IME.CYCHEX-T , 31 PROPYLENE 32 BUTANE-I ..
33 CIS- aUTENE-2 4 ITA-OUILSNE 2 35 N-FILNTENE-1 36 NPENTENE-2 37 ISOASUTYLENE 38 3NE-BUTENE-1

39 ~Z-0EAUI EknZ:4 Tý jEPERJN-LF,472( T..92_ 43ý ;244NC!0N1i. 45 2MEBUID60ENEE

416 CYCLOHEUCRE 47 4VI-ICYCHEX-1 48 CYCOCTOENE15 49 FROMYE 50 1-RUTYNE 52 TOLUENE

* 9 -UIL~HN U -FBTAE 61 ILIFPENFANE 63 Mk-CHLOAIO 64 Er-CH.LORIDE 65 %PFrCLOAIOE

72 I-ZCLBUTE.'IE t4 2-CL-FRDFENE TO ALLYLCHLRIDE TA 2CLBDTENE-Z 7? ETHANOL is N-FROFANOL
___111 ~fI~ 3NESUKAEAILIL Emý-N AMkMKM 4 Qj.nMLj iL H LA R! LR.P4F ~ J . lL.
95 MC-PH-F.EIONE dA ME4FFAEETONE OT MESENLOATE 88 M-CRESOL 89 1-3:LFAOPANE Y0 1-2C.LFROFANE
91 E-EIAKUTANE 22 1- ~-TAE 90 ' '-'IPNTN ... C' .I : TE'IE- ff. I -E-t OAN IT ''llPRF16
91 E-2CL2FPRFPAk 99 M-F-TL0LkENE IEI N-RU-IAMINE 112 4REFRDN 11 HTLNDIAMIN EI N-TinM

.........±L.EE.JLSN2E 11T I SOPRCHLIE 11aI&FFL8 up 29..pim TMNt~.2i4~BNiE...2 AACRUSJimm-a...
k24 ORTHOXVLENE 123 M4ETAXTLENE 126 ANISOLt 127 E--FFETN 128 26-LUTIDIME 129 NFRCHLORIO11

13 NARAT 133 1-LFENTANT 13A 20UIA ETTMIOL 135 L-F-jPE"'AHE..3 1TT3AE. 411-UL J Lt. $ 0RSLf M.
138 1 DIOR SLF OR 139 N-RU-SULFIDE 140 ISOBUMRCAPTN L42 PROFANE

PUNWIATU 1itSCAtZH ~Uu:Tu~IFLAKE SPEED EORGASSION - ROUTINE 1422 1-O1IfCitTI'f0WT -A'iM

- ~ ~ ~ lt .. ..... -..--- FORL

LI!.T UP 'NEC2N OTBI9 IHTEA~ NOICIES

37 RIM-K MA SEC-H 39 T~-
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I fitc CL AW& FORt ClSW &ldOasISIo. ponaAm~

NO OF WAUIABIES

Z-144m)D OCG-EES Ul- F8IEEJm 118.00

PLEVEL. 10 ENTER VARIABLE *0.400022

*-EY.r 0 IVE V AIIIL'LI C 0.00-0 1--

SkIW NO. "

F LEVEL 31S.6640
.... STANDARD EMRIOR OF Y 88.G169

CONSIA'LF 0.
- -. -. .VAAI.AbLE,. . OEfFAGIfiNr 110 LNAAA OF. r01? .,COklSFA RAROR4

VARIABLE8 ENFEAIING 2

SFANOAWI 1.400 OF V 6 3.6083
VARIABLE COE4FFICIENT SID ERROR OF r01? COMPSbD ERROR

X- I 0.-- f8ii 2 .088 1 - 011410
1- -..2...2 -0121L. U2t 1 .0.I1t34.L..U

VARIABLE ENIERING 3

STANDARD EAAOa OiF Y 63.*726?
c ..OOMST A.4J---------------

VARIABLE COEFFICCIENF SI 1001-80 OF C01? COCF/SIO £0008t
0- I 0:1193561 012 0.1338U U. ININOC 102

- ~ ~ ~ I .2 a-2 01241lZ 0.11 01 0.10372. 02
9- 3 -0.443041; 01 0.11111b 02 -0. 7!Pfi9SC 00

-JC8PLEIEI1) .. I SERFS UF ME6UASSILJ.4
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APPENDIX C

Fortran Programs for Routines
FSRTL and FSRDM
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ROUTINE PSITL

iCPSRTL MASTER TAPE PREPARATION P0.4 FLAN SPEED EEMESSIMSWTIM PSRTLINU DAAPOIADIAE ITP EY

D 1IMNSION O1I...LF&CCUIZO DI..E1Cilg*i .- MUDEIR ' _i.P -SRTL~.-.-.

REWIND 6 PIRTI. S
C -. TITLE CARO. PSRTL. A-

READ INPUT TAPE 2. 1000 PSETI. I
-.- WRITE OUTPUT TAPE 6. 1000 PIRTI.. I

C NUM SER OP GROUPS ON TAPE PRTL 9
.READ INAPUT.-XAPL-2.40MI. -- 1, '

WRITE OUTPUT TAPE 6.1001. IPI PSATI. It
C-.. RAIN DATA GROUPS F .____________________ SETI. -12

D0 20 1-1. IPI PSATL 13
- READ INPUT TAPE 2.1002. ISM W. IFi2..4P t 3*G 3m PSRTL ..-.... 4
I INDS. INEC. I DIKI. K-2,61. IPPGC.ILFGCCNIKJ#,P4CLIKI.K-I. PSRTL is

20 WRITE OUTPUT TAPE 6.2002.ISFN.FN1, PHI, IPNC. IPNS. JOHN. PSRTL 1T
I INDS. INEC. I DIKI, K-2. AI..-aPFGC.ALPGCCJiUKi....A CLgL.Jnl j...P SRrL ...~...Lt
2 IPPUC I PSRT 19

C .. CONTRIBUOR NAE------------------ .. ____ SRTL 2
READ INPUT TAPE 2. L003.IGNLIIII.I. 2001 PSRTI. 21

C DEPENDENT VARIABLES PFSRTL 29
READ INPUT TAPE 2. 1003. 100111111-11.&1, .-- __________ .SRTL...... 24
WRITE OUTPUT TAPE 6, 2003. IDMMII).I-., Al PSATI. 25

""EN PILE A -- ..- - __________ SETL.- 2A
REWIND A PSRTL 27

- WR1I~lOUIP" ..b . ....l :t~ - a
CALL EDIT PSETL 29

.1000 FOR14AT III4.Jill. ADIE..- I - STL... 30
1 1 PSETI. 31,

1001 FORMAT(IIIO. FA... .. .. SRTL --.. 32
1002 FORMATIIA. ZAA. 516. 2FI2.5 3P12.S. IA, I6. F12.5 /416. P12.6. PSRTL 33

1003 FOMMATIL2AA) PSRTL 35'..2002 PORMATIII4D., IA.- FSt.- 36
.1 . I6. 112.4, 16. E12.4. 1A. E12.4. IA. 112.4 11 PSRTL 37

-2003 PORNATI IHO.. 91AX.AAI1311. A& .........IA F ~A *A SRTL.......38
1 6K4 AA 6.ASA. 6KA6 I IPRT, 9

-2aDDS MRKATI..4.IA fHI~a . t - i., t.
END PSATI. 41
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ROUTINE P440W

CPRI AiTEM DCki NEIICiTIOI RO PLANE SPEED REGRESEIUS ROUTINE P53M -1
--PRIPARE TAPE 14 FPoRPUMCMIMOF Tap CNNEILAI 51R SRUN... -2

C NOMENCLATURE Fplaol 3

C NOOCOT -NUNIBER OF DATA .RUP CURRENTLY ON TAPE PSRDM4 S
...c -. WNO6CHE J'..UmlE OF _DAT GOUP -ALTERED ------ $... ~ F RON -- 6
C IDGC"GiwlI CODE IRINBER TOF A#LlTERED DATTA GROUPS FSROM 1
-C...._ NADO ----- _ -JiUMER OP DATA GROUPS. ADDED .TO AfI-EL - FRM -
C ICOA.. CONTRIBU.TOR NAME PUNCH SWITCH 1-PUNCH 2-OMIT P SROM 9

S.....DPNAM ............. V..IOU E.LYARA fi P5luf BhISWITCHff L-Pi-M *UNIT SB*--

DIENI1SION IDGCHGII&OOOl *LFGCCN1901. FGCLIVOI. GNLI3001, ONNI61 P440K 11

REWIND 4 PSRDM Is
.C__ READ INPUT -CONTROL-DATA .,. -.- ______ _PROM -1

READ INPUT TAPE 2. 3000, NOOPOT, DOGCHG, ICOMAN. IDPNAN PSEOP1 is

10 READ INPUT TAPE 2, 3001. IID@CNSIKI. K-1, NOSAN I PSROM 17
_.C__. READ TITLE AND NUMBER . OP. GROUPS. PROK-ASThA..TA3LAM FINE.."......FSROM __Il1

20 READ INPUT TAPE 6, 10DO FSR014 19
READ INPUT TAPE A, 1001:,. NaGCD? F... . .___________ SRDN - 20
WRITE OUTPUT TAPE Ilk. 1000 PIRON 31
M___RIiTL..DUT.PUJJTAff!&LOQ .. ON 22
L *I PSEON 13
-WRITE OUTPUT TAPE 1,. 1D01. NIGCOE.... _______________...FSRD .- A.
WRITE OUTPUT TAPE 3, 1001. NOOCOT PiSRDN 25
IFPt NOOCOT -. ND6POTI .100._30. .30.. _ . PSRDN. 24

30DO 45 1-1. NOOCOI P530W .21
........READ.NF.UT..._T.APfL A Vli l5S i SM.. *5 _M1 it*hS RI.....

I INDS. INEC. I DIK), K-.6,1, IPFGC.II.P6CCNIEI. FOCLIII).K1, PSRDK 39
.3 IPPOC I , - .__ _ _____ . PIRDM . .S0
1PI I1 NDGPOTI 12, 32, 36 PSON 3
IF IP - IOGCHGIL)..) D.40 .33.40....._ PSROM.31

33I. L * . SRON 33

.. RJIQUTUI_ýL.Pl4lhn2.tPN.Pi. P2, ____________________ ___.3

I INIDS. INEC, I DIXI, K-.6).I IPFGC.ILFGCCNIR).,PGCLIEKI,.1 PIRDM 35
2 IPFOC I .. - -FSRDM....36

40 WRITE OUTPUT TAPE 3,2002,ISPNPN1, FNZ. IPNC. IPNG, IPNNo PSRDH 37
1 INDS, INEC. I D(K)..- K!Z.A.b).J.- GC.ILF.GCCMIK"-M FELIIMD PRM .... 39

3 IPFGC. I PSEON 39
_________________________________RO__ _ *O

READ INPUT TAPE A 2 003. (GNLIII, 1-1, 2001 PRDN 41
RAD INPUT TAPE P3W. 4Z
G0 TO ISO. AOIICOMAM PSRON 43

50 WRITE OUTPUT TAPE..4.I0..GLI.LJ,.ZD PIRDN __- 44
WRITE OUTPUT TAPE 3, 1003, IGNLIII, I.1. 2003 PSRON 45

..AOGO.TT 0,RO. IIDP5 . _ -SSROM.. 4..A
TO WRI1TE OUTPUT TAPE 14, 1003. (010411,1. , A-. I PSRDM 4?

WRITE OUTPUT TAPE 3, FS3jN 1i.S1~.. .PROW 4E
so WRI TE OUTPUT TAPE 3. 4000 PSRDN 49

-- 90 CALL EXIT .. -. __________. SRDN ___530
100 WRITE OUTPUT TAPE 3, 4001 FIRND 51

- ..GO TO 90 ~ SADN_ _3....3
-10__________________________________FSR0ILM. 53

I MO 4

1002 PORMATI16. 344. 314. 2113.3 1 3E13.5,I, A 16. 1 3. It.$141, 212.5. PSEOM 54

100O3 FOR.AT I2A61 PERON so
__2002 FORMATtIIND IA.. 3A,.SA.1PEZ..4.I&.IA,.-I, A. S9

1 I, 6, E12.4, 1A, E12.4, IA, E12.4. 16. 1112.4 11 PSEON 40
..2ftG3S0R.MAtA.H"..SAI.A bl - L.._ASA AVIS.fil ,, 1 . .....SI AAL

I 6146, AXAA. 6XA& I I PtRmOM 62
-3000 PORJATI4 A 1'L. - - _' -- __ ____-_________ FSROM_ 63
3001 PORMATI 131I PSAEON 44

_4000O PRNATIMH. -251.- 3SIIMASTRRLOMCK100fUI-CATI'N CnfftT PIRON ..... AS

4001 FORNATI1M1. 255,4ftERROK M OME DATA GROUPS IN LIBRARY THAN ON TAP PlEDgE 4

two PSEON 64

89



t- .0I

10 0, 4

U U 4.-4,000.

hoI 00- - .. 04

VA Is 0 "01
a~0 ZC v V04P.4CO

It ~ o ttoat- ý1 1V d r

40 0 0~

K D 0 . .4Hrig! S

4(0CCa K.' ~ ~ ~ !M

OM aI It I40 C.

0.40 I44 -- Ca-

3.) 0a A ~ :ao
0 

A,5 A a' v t

0~* .. ,6C.

M OG O C . 5C

o. 01 2A0 1k 6 oV

CVI. M) S JC0QC0o4 a S 4J 0 Co.

POj 3 t t A' A 0' 1 g

iff A fl, 0 1i

A Vil -0 v1l
Eli -C ICfo

-o Ow.-r A a- r.M A0o

a CCO HH OCH gH H o

AVV 12-i v CC, flAV !.I Ii1

3. lo Ad A~~

poll P0V qCO~ It aa6

z~ *Oro I0 Alit
al A 4 A4 Oa ~


